NUREG-1567

Standard Review Plan
for Spent Fuel Dry Storage Facilities

Final Report

U.S. Nuclear Regulatory Commission

Office of Nuclear Material Safety and Safeguards



NUREG-1567 STANDARD REVIEW PLAN FOR SPENT FUEL DRY STORAGE FACILITIES MARCH 2000



NUREG-1567

Standard Review Plan
for Spent Fuel Dry Storage Facilities

Final Report

Manuscript Completed: February 2000
Date Published: March 2000

Spent Fuel Project Office

Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001



ABSTRACT

The Standard Review Plan for Spent Fuel Dry Storage Facilities (FSRP) provides guidance to the
staff of the U.S. Nuclear Regulatory Commission for reviewing applications for license approval
or renewal for commercial independent spent fuel storage installations (ISFSIs). An ISFSI may
be co-located with areactor or may be away from areactor site. These installations may be
designed for the storage of irradiated nuclear fuel and associated radioactive materials.

The U.S. Code of Federal Regulations (CFR), Title 10, Chapter 1, Part 72, Subpart B, specifies
information required to be submitted in applications for license approval and renewal for ISFSIs.
Regulatory Guide (RG) 3.48, "Standard Format and Content for the Safety Analysis Report for
an Independent Spent Fuel Storage Installation” provides an outline and specific guidance
regarding the information to be included in an applicant’ s safety analysisreport (SAR). This
standard review plan isintended to ensure the quality and uniformity of the NRC staff reviews by
establishing the review scope and reguirements.

The FSRP uses a basic outline defined by RG 3.48, modified based on staff experience with SAR
reviews. The modified outline will be used for the related safety evaluation report (SER)
prepared by the NRC staff in response to the applicant’s SAR.  The FSRP includes regulatory
requirements, staff positions, references to applicable national and other industry standards and
codes, acceptance criteria, guidance on preparation of the SER, and other guidance.

In conjunction with the FSRP, the Spent Fuel Project Office (SFPO) developed several SFPO
Director’s Interim Staff Guidance (1SG) documents. These | SGs were devel oped to address
emerging issues for which interim guidance was needed. Current 1SGs are available on the NRC
website. Although the FSRP was revised to incorporate most of these 1SGs, | SG guidance will
continue to be devel oped when required. The FSRP will be revised periodically to reflect current
guidance to the staff.

Comments are solicited on this document and applicable | SGs. The comments will be considered
and incorporated into updates to the FSRP, as appropriate. Comments, errors or omissions, and
suggestions for improvement should be sent to the Director, Spent Fuel Project Office, Office of
Nuclear Material Safety and Safeguards, Mail Stop O-13D13, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555-0001.
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GLOSSARY

The following terms are defined here by the staff for the purpose of this FSRP. Many terms are
taken from 10 CFR 20.1003 or 10 CFR 72.3. The definitions from these CFR sections have not
been changed in the list below, but are repeated for convenience.

Accident-Level. A term used to include both design basis accidents and design basis natural
phenomenon events and conditions. See "Design Basis." Resistance, response limit, and
functional capability requirements apply for conditions and events that exceed "off-normal” or
"Design Event I1" as described in ANSI/ANS 57.9.

Annual limit on intake (ALI), meansthe derived limit for the amount of radioactive material
taken into the body of an adult worker by inhalation or ingestioninayear. ALI isthe smaller
value of intake of agiven radionuclide in ayear by the reference man that would result in a
committed effective dose equivalent of 5 rems (0.05 Sv) or a committed-dose equivalent of 50
rems (0.5 Sv) to any individual organ or tissue. (ALI valuesfor intake by ingestion and by
inhalation of selected radionuclides are given in Table 1, Columns 1 and 2, of Appendix B to
20.1001-20.2401). (10 CFR 20.1003)

Aslow asisreasonably achievable (ALARA), means making every reasonable effort to maintain
exposures to radiation as far below the dose limitsin 10 CFR 20 asis practical and consistent
with the purpose for which the licensed activity is undertaken, taking into account the state of
technology, the economics of improvements in relation to state of technology, the economics of
improvements in relation to benefits to the public health and safety, and other societal and
socioeconomic considerations, and in relation to utilization of nuclear energy and licensed
materialsin the public interest.” (10 CFR 20.1003)

Basic, or fundamental, safety criteria. The following are considered the basic nuclear safety
criteriafor design of the ISFSI installation:

Maintain subcriticality

Prevent release of radioactive material above acceptable amounts
Ensure radiation rates and doses do not exceed acceptable levels
Maintain retrievability of the stored radioactive materials

Benchmarking. Validation of the accuracy of acomputer code by comparison of results with
results of relevant experiments.

Committed dose equivalent (Hy, 50) means the dose equivalent to organs or tissues of reference
(T) that will be received from an intake of radioactive materia by an individua during the 50-year
period following the intake. (10 CFR 20.1003)
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(Continued)

Confinement Barrier. A structure, system, or component that prevents the release of radioactive
substances from areas containing radioactive substances to areas not containing radioactive
substances and ultimately, to the environment.

Construction. Includes materials, design, fabrication, installation, examination, testing,
inspection, and certification (as required in the manufacture and installation of components).

Controlled Area. Any areato which accessis controlled to protect individuals from exposure to
radiation and radioactive materials.

Damaged Fuel. Spent nuclear fuel with known or suspected cladding defects greater than a
hairline crack or a pinhole leak.

Derived air concentration (DAC) means the concentration of a given radionuclide in air which,
if breathed by the reference man for aworking year of 2,000 hours under conditions of light work
(inhalation rate 1.2 cubic meters of air per hour), resultsin an intake of 1 ALI. DAC values are
givenin Table 1, Column 3, of Appendix B to 10 CFR 20.1001-20.2401. (10 CFR 20.1003)

Design Basis. The extreme level of an event or condition for which there is a specified
resistance, specified limit of response, or requirement for a specified level of continuing
capability. Compareswith "Design Events' 11l and IV of ANSI/ANS 57.9.

Design Event (I, 11, 111, or 1V). Conditions and events as defined and used for ISFSI in
ANSI/ANS57.9.

Docketed. Formal submissions made to the NRC by an applicant. A docket number is assigned
to the facility by the NRC and is used for the application and subsequent submissions and other
correspondence on the facility. Except when the NRC concursin arequest that material be
protected as being "proprietary data' docketed material becomes available for public.

Emergency Power. The power supply that is selected to furnish electric energy to safety-related
structures, systems and components when the preferred power supply is not available.

Exclusion Area. [Appliesto siteswith areactor only] That area surrounding the reactor, in
which the reactor licensee has the authority to determine al activities, including exclusion or
removal of personnel and property from the area.

Exemption. Asused inthe FSRP, an exemption to application of a specific regulatory
requirement that must be approved by the NRC.
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(Continued)

| mportant Confinement Features. Term used in ANSI/ANS 57.9 but not acceptable to the NRC
(per RG 3.60). "Important to safety” should be substituted for "important confinement features'
in the standard.

| mportant to Safety, also "Important to Nuclear Safety." Terms used synonymous in the FSRP.
"Important to nuclear safety” is used where there may be a misinterpretation that the
classification "important to safety” may also include SSCs which do not have a nuclear safety
role but may be important for life safety, fire prevention, prevention or mitigation of property
loss, or protection of the environment (from other than radioactive material or radiation).
Important to safety can include "safety-related” and "nonsafety-related” SSCs (see definitions).
"Structures, system, and components important to safety” mean those features of the ISFS|
whose functionis: (1) To maintain the conditions required to store spent fuel or high-level
radioactive waste safely, (2) To prevent damage to the spent fuel or the high-level radioactive
waste container during handling and storage, or (3) To provide reasonable assurance that spent
fuel or high-level radioactive waste can be received, handled, packaged, stored, and retrieved
without undue risk to the health and safety of the public. (10 CFR 72.3)

| n-place radioactive material. Radioactive material that has not escaped through the closest
confinement barrier (or liquid containment).

ISFS. Independent Spent Fuel Storage Installation. |SFSI may be operated by public or private
utilities, commercial entities, and governmental agencies.

ke "K" effective. Measure of reactivity. Multiplication factor including all biases and
uncertainties at a 95 percent confidence level for indicating the level of subcriticality relative to
the critical state. At the critical state ki = 1.0.

Mixed waste. Waste material which is hazardous because of both radioactive material and other
hazard(s), such as chemical, toxic, incendiary.

Non-Mechanistic Event. An event, such as cask tip-over, that should be analyzed for acceptable
system capability, although a cause for such an event is not identified in the analyses of
off-normal and accident-level events and conditions.
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Nonsafety-Related Electrical Equipment. Equipment whose failure under postul ated
environmental conditions could prevent satisfactory accomplishment by "safety-related electrical
equipment"” of prevention or mitigation of the consequences of design basis events. For this
definition, design basis events are defined as conditions of normal operation, including
anticipated operational occurrences, design basis accidents, external events, and natural
phenomena for which the facility must be designed to ensure accomplishment of the stated
safety requirement. [Based on description at 10 CFR 50.49(b)(1).] [Also see"Important to
Safety" and "Safety-Related Electrical Equipment.”]

Normal. The maximum level of an event or condition expected to routinely occur. ThelSFSI is
expected remain fully functional and to experience no temporary or permanent degradation from
normal operations, events, and conditions. Comparesto "Design Event 1" of ANSI/ANS 57.9.
Events and conditions that exceed the levels associated with "normal" are considered to be, and
to have the response allowed for, "off-normal™ or "accident-level" events and conditions.

Off-Normal. The maximum level of an "off-normal” event or condition, for which thereisa
corresponding maximum specified resistance, specified limit of response, or requirement for a
specified level of continuing capability. Similar to "Design Event 11" of ANSI/ANS 57.9. ISFS|
SSCs are expected to experience off-normal events and conditions without permanent
deformation, and without degradation of capability to provide their full functional capability
(although operations may be suspended or curtailed during off-normal conditions) over the full
license period. Off-normal is considered to include "anticipated occurrences’ as used in
10CFR 72.

Part. A subdivision of the CFR. Referencesto a"Part" number in this FSRP are to parts of Title
10 of the CFR unless adifferent title is specified.

Radwaste. Waste which is hazardous as aresult of its containing nuclear materials, may be high-
or low-level.

Rem. Isthe specia unit of any of the quantities expressed as dose equivalent. The dose
equivalent in remsis equal to the absorbed dose in rads multiplied by the quality factor (1
rem=0.01 sievert). (10 CFR 20.1004)

Restricted Area. Any area, accessto which is controlled by the licensee for purposes of
protection of individuals from exposure to radiation and radioactive materias. (10 CFR 20)

Retrievability. Capability to retrieve the stored radioactive material without the release of
radioactive materials to the environment or radiation exposuresin excess of 10 CFR 20 limits
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(10 CFR 72.122(h)(5)). ISFSI storage systems must be designed to allow ready retrieval of the
stored spent fuel for compliance with 10 CFR 72.122(1).

Safety Analysis Report. In the context of this FSRP, the report submitted by the license
applicant in compliance with 10 CFR 72, Subpart B. The fundamental contents of the report are
described at 10 CFR 72.24. Guidance on content of the report is provided by Regulatory Guide
3.48, "Standard Format and Content for the Safety Analysis Report for an Independent Spent
Fuel Storage Installation,” October 1981. The SAR is considered to be the submitted application,
and supplemental data and responses submitted to the NRC staff to resolve questions arising
during the staff’ sreview. Only docketed material is considered to form part of the submission.
The effective SAR is considered by the staff to be that submitted, as amplified and/or modified
by the supplemental and later submissions.

Safety Evaluation Report. Inthe context of this FSRP, the report prepared by the NRC staff to
document the acceptability of the applicant’s safety analysis and other required submissions.

Safety-Related Electrical Equipment. Equipment relied upon to remain functional during and
following adesign basis event to ensure the capability to prevent or mitigate the consequences of
accident-level events. For this definition, design basis events are defined as conditions of normal
operation, including anticipated operational occurrences, design basis accidents, external events,
and natural phenomena for which the facility must be designed to ensure accomplishment of the
stated safety requirement.

Severt (Sv). isthe Sl unit of any of the quantities expressed as dose equivalent. The dose
equivalent in sievertsis equal to the absorbed dose in grays multiplied by the quality factor
(1 Sv=100 rems). (10 CFR 20.1004)

Source Material. (1) Uranium or thorium, or any combination thereof, in any physical or
chemical form or (2) ores containing by weight one-twentieth of one percent (0.05%) or more of
(1) uranium, (ii) thorium or (iii) any combination of thereof. Source material does not contain
SNM. (10 CFR 72.3)

Special Nuclear Material. (1) plutonium, uranium 233, uranium enriched in the isotope 233 or in
the isotope 235, and any other material which the Commission, pursuant to the provisions of
Section 51 of the Act, determines to be SNM, but does not include source materia; or (2) any
material artificially enriched by any of the foregoing but does not include source materials.
(10CFR 72.3)

Sandby power. The power supply that is selected to furnish electric energy when the preferred
power supply is not available. Often used interchangeably with emergency power.
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GLOSSARY
(Continued)

Sorage confinement cask. Cask, vessel, or other sealed container providing the principal
confinement barrier for subject radioactive material whilein dry storage. Term includes internal
and integral external components unless otherwise specified at the point of use.

Subject radioactive material. The material whose storage is the principal function of the ISFSI.
Term includes power reactor spent fuel and other radioactive materia associated with spent fuel
storage for an ISFSI.

Unrestricted Area. An areato which accessis not controlled by the licensee for purposes of
protection of individuals from exposure to radiation and radioactive materials. 10 CFR 20

Volume % The percentage of a mole of the material that is present in avolume that isequal to
the standard volume for the material as agas.
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INTRODUCTION

This document is the Facility Standard Review Plan (FSRP). It isintended to provide guidance to
the NRC staff who will be conducting a safety review of a site-specific license application for an
independent spent fuel storage installation (I1SFSI). The objective of thisintroduction to the
FSRP isto give an overview of the entire ISFSI Safety Analysis Report (SAR) review process
and to assist the Project Manager who is responsible for coordinating and managing the overall
safety review effort. Itisalso intended to help individua technical reviewers understand how
their specific review must be coordinated with other reviews to produce an integrated review.

Review Process

The review process of an ISFSI application involves six major phases: (1) site evaluation, (2)
operations systems evaluation, (3) criteriaand technical design evaluation, (4) evaluation of
proposed programs that support protection of worker and public health and safety, (5) evaluation
of accidents, and (6) evaluation of proposed technical specifications.

These six mgjor review phases areillustrated in Figure 1. The figure showsthat all reviews
proceed primarily from information in the license application (primarily the SAR) and any
responses to Requests for Additional Information (RAIS). Thereview of health and safety
programs can proceed independently of the other review efforts (site, operations systems, and
design review), but the results of all these efforts must be considered in the accident analysis.
The last phase of the safety review addresses the proposed technical specifications and draws on
all of the previous review results. Additional details on how the design review is conducted are
also presented in alater section of thisintroduction and in specific chapters of the FSRP.

Site Evaluation. This phase of the review evaluates site characteristics to determine if the
applicant has properly identified and quantified natural phenomena such as floods, high winds,
high temperatures, and seismic events, and hasincluded them in the ISFSI design bases. The
review also determinesif the applicant has identified and quantified the site characteristics related
to contaminant transport and potentially exposed individuals and population. Specific guidance
for conducting thisreview is presented in Chapter 2 of this FSRP.

Operation Systems Evaluation. This phase of the review evauates the overall description of the
proposed I SFSI, the identification of the major components, and the description of the major
spent fuel or high-level waste handling operations and post-storage inspection and monitoring
operations.

Criteriaand Technical Design Evaluation. This phase of the review isalarge part of the ISFSI
review effort and must be performed in a coordinated manner with several technical disciplines.
Individual components and | SFSI system performance are reviewed for normal conditions, off-
normal conditions, and design basis accidents. Selection of the components for the design
review should be made after consultation between the various review disciplines (structural,
thermal, nuclear criticality safety, shielding, etc.) and the Project Manager. The

1 NUREG-1567
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INTRODUCTION

system-level performance review focuses on radiological impacts and involves estimates of any
material released under normal conditions, off-normal conditions, and design basis accident
conditions.

Evaluation of Proposed Programsthat Support Protection of Worker and Public Health
and Safety. This phase of the review provides assurance that facility operations will not have
adverse impacts on public health and safety. These programs include radiation protection,
conduct of operations, quality assurance, decommissioning, and waste confinement. Each of
these programs can be reviewed independently of the other programs or the design review effort.

Evaluation of Accident Analysis. This phase of the review involves the evaluation of accidents
under off-normal events and conditions, as well as accident or design basis events. The results
are documented in a separate chapter of the Safety Evaluation Report (SER) and are part of the
basis for determining technical specifications.

Proposed Technical Specifications. The previous reviews and analyses have established the
bases for the identification of safety limits, limiting conditions, and surveillance requirements
deemed necessary to ensure safe operation of the ISFSI.

The criteria and design evaluation effort (Phase 3) involves the detailed review of proposed design
criteria, design codes, and the resulting designs. This effort is similar to the design reviews
conducted for ISFSI casks certified under 10 CFR Part 72, Subpart L, and conducted according
to the guidance of NUREG-1536, “Standard Review Plan for Dry Cask Storage Systems.” This
FSRP builds on the guidance in NUREG-1536, and the chapters related to criteriaand design
evaluation often reference specific sections of NUREG-1536.

The evaluation of proposed programs that support protection of worker and public health and
safety (e.g., radiation protection, conduct of operations, quality assurance) isareview areafor
specific licenses rather than the certificate of compliances. Such programs are not devel oped for
review as part of a cask certification application that would be reviewed by using the guidance of
NUREG-1536; thus, the review guidance for these areas does not refer to NUREG-1536.

Material in the FSRP Chapters

Each chapter of the FSRP gives six types of information: review objective, areas of review,
regulatory requirements, acceptance criteria, review procedures, and evaluation findings.

Review Objective. This section gives an overview to the chapter and establishes the maor
review objectives of the chapter.

Areasof Review. This section identifiestopics and their sequence in the discussion of
acceptance criteria and review procedures subsections of each chapter.

3 NUREG-1567



INTRODUCTION

Regulatory Requirements. This section summarizes the regulatory requirements from 10 CFR
Part 72 expected to be applicable. The reviewer should read the complete language of the current
version of 10 CFR Part 72 and independently determine whether the proper set of applicable
regulations for the design is being reviewed.

Acceptance Criteria. Thissection is organized according to review areas established in Section 2
of the specific chapter, and identifies the type and level of information that should bein the
application. Specific criteriaare identified based on (&) specific language in 10 CFR Part 72, (b)
specific language in Regulatory Guide 3.48, and () clearly established precedent in Part 72
licensing.

Review Procedures. This section presents a step by step procedure of what to check in the
application for each review area. Asan aid to the reviewer, this section aso provides information
on what has been found acceptable in past reviews. Standards that have been found acceptable
in specific licensing reviews, or are desirable but not specifically identified in existing regul atory
documents, are identified in this section.

Evaluation Findings. Thislast section of each chapter provides guidance on how findings
might be worded for the SER and gives suggested language for findings that indicate compliance
with regulations and regulatory guidance.

Safety Evaluation Report Outline

The review results are documented in an SER. The final determination of the organization of an
SER is determined by the review Project Manager.

The chapters are presented in an order intended to help areader of the SER understand:

C Evaluation of the site

C Evaluation of proposed operations

C Evaluation of structures, systems, and components important to safety; and evaluation of
design criteria and bases

C Results of specific technical reviews

C Reviews of proposed programs intended to promote protection of worker and public
health and saf ety

C Assessment of potential accidents

C Evaluation of proposed technical specifications.

NUREG-1567 4






1 GENERAL DESCRIPTION

1.1 Review Objective

The objective of this chapter is to ensure that the applicant has provided a non-proprietary
description of major components and operations that is adequate to familiarize reviewers and
other interested parties with the pertinent features of the installation. Figure 1.1 presents an
overview of the evaluation process.

1.2 Areasof Review

The following outline shows the areas of review addressed in Section 1.4, Acceptance Criteria,
and Section 1.5, Review Procedures:

I ntroduction

General Description of I nstallation
General Systems Description

| dentification of Agentsand Contractors
Material I ncorporated by Reference

1.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.22 Contents of application: General and financial information

72.24 Contents of application: Technical information [Contents of SAR]

(b) “A description and discussion of the [Independent Spent Fuel Storage Installation] ISFSI or
monitored retrievable storage (MRS) structures”

(f) “Features of ISFSI or MRS design and operating modes to reduce ... radioactive waste
volumes.”

() “A description of the equipment ... to maintain control over radioactive materials in gaseous
and liquid effluent”

72.44 License Conditions
A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter isgivenin Table 1.1. The reviewer should independently verify the relationshipsin

this matrix to ensure that no requirements are overlooked because of unique applicant design
features.
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SECTION 1 GENERAL DESCRIPTION

1.4 AcceptanceCriteria

This section identifies the acceptance criteriafor the material provided in the introduction. The
regulatory requirements relevant to the introductory chapter of the Safety Anaysis Report (SAR)
arefoundin 10 CFR 72.22, 72.24, and 72.44. The general description should enable all reviewers,
regardless of their specific review assignments, to obtain a basic understanding of the principal
function and design features of the proposed installation. Regulatory Guide 3.48, “ Standard
Format and Content for the Safety Analysis Report for an Independent Spent Fuel Storage
Installation, (Dry Storage),” provides guidance regarding information that should be included in
the general description. Because much of the information relevant to thisinitial aspect of the
review is presented in more detail in other chapters of this Standard Review Plan (SRP), this
chapter focuses on familiarization with the system and should be consistent with the remaining
sections of the SAR.

Table 1.1 Relationship of Regulationsand Areas of Review

10 CFR Part 72 Regulations
Areasof Review
72.22 72.24 72.44
Introduction 1 1
General Description of Installation 1
General System Description 1
I dentification of Agents and Contractors 1 1
Materia Incorporated by Reference 1

1.5 Review Procedures

The following provides guidance relevant to the review of the general description chapter of the
SAR.

1.5.1 Introduction

The reviewer should verify that the principal function and design features of the installation have
been presented. The reviewer should verify that the location of the ISFSI and schedules for
construction and operation have been presented.

1.5.2 General Description of Installation

The reviewer should verify that the applicant has provided a broad overview of the installation

that is non-proprietary and may be used as atool to familiarize interested parties with the features
of the proposed ISFSI. This description should present the principal characteristics of the ISFSI,
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GENERAL DESCRIPTION SECTION 1

including its dimension, weights, and construction materials. The reviewer should compare
sketches and diagrams, if presented in this section, with the detailed drawings presented
elsewherein the SAR. If the application includes proprietary drawings and descriptions that will
remain proprietary upon approval of the license, the sketches, drawings, and diagrams that
provide the general description need not show the proprietary features. This may be achieved by
depicting less detail or by illustrating generic components that fulfill the design functions that
differ from the actual design. However, these representations should show the operational
concept and safety-related features in sufficient detail to form an acceptable basis for public
review and comment, as necessary for public hearings.

To verify compliance with 10 CFR 72.122(1) Retrievability, the reviewer should verify that the
facility description demonstrates that the facility is designed to alow for | SFSI decommissioning,
and will be used for interim storage, not permanent disposal. 10 CFR 72.122(1) appliesto normal
and off-normal design conditions and not to accidents. Sections 4,10, and 15 of this SRP
describe the staff’ s recommendations for post-accident recovery with regard to retrievability.

The reviewer should verify that the applicant has presented a general description of the fuel or
other contents proposed for storagein the ISFSI. Because a very detailed description of the
proposed contentsistypically provided in the SAR in Section 3, “Principal Design Criteria,” the
information presented in Section 1, “ General Description,” isimportant only to the extent that it
permits overall familiarization with the ISFSI. Key parameters for spent fuel include the type of
fuel (i.e., pressurized water reactor [PWR], boiling water reactor [BWR]), number of fuel
assemblies, and conditions of the fuel assemblies (i.e., intact, consolidated). This section often
includes additional characteristics, such as maximum burnup, initial enrichments, heat load, and
cooling time, aswell as the assembly vendor and configuration (e.g., Westinghouse 17x17).
These characteristics may aso be repeated in the principal design criteria. The cover gas, if any,
should be identified.

1.5.3 General Systems Description

The reviewer should verify that a summary description of the storage mode and arrangement of
the storage structures has been provided. The reviewer should verify that a brief description of
the operating systems, including fuel handling, decay heat removal, site-generated waste
treatment, and auxiliary systems has been provided. The reviewer should determineif sufficient
detail has been provided to result in an understanding of the systems involved.

1.5.4 Identification of Agentsand Contractors

The reviewer should verify that the prime agents or contractors for the design, construction, and
operation of the installation have been identified. The reviewer should verify that al principal
consultants and outside service organizations, including those providing quality assurance (QA)
services, have been identified. The reviewer should ensure that the application clearly defines the
division and assignments of responsibilities among those parties.

NUREG-1567 1-4



SECTION 1 GENERAL DESCRIPTION

1.5.5 Material Incorporated by Reference

The reviewer should verify that atabulation of all topical reports incorporated by reference has
been provided. The reviewer should verify that any documents submitted to the Commission in
other applications and incorporated in whole or in part have been tabulated and a summary
included in the appropriate section of the SAR.

1.6 Evaluation Findings

NRC staff reviewers prepare evaluation findings regarding satisfaction of the regulatory
requirements related to the introduction and general description. If the documentation submitted
with the application fully supports positive findings for each of the regulatory requirements, then
the findings should substantially be stated as follows (finding numbering is for convenience in
referencing within the SRP and SER):

F1.1 The staff concludesthat the information presented in this section of the SAR
satisfies the requirements for the general description under 10 CFR Part 72. This
finding is reached on the basis of areview that considered the regulation itself;
Regulatory Guide 3.48 and accepted practices.

F1.2 Agentsand contractors responsible for the design, construction, and operation of
the installation have been identified.

F1.3 A tabulation of al topical reports and docketed material, incorporated by
reference, has been provided in the SAR.

1-5 NUREG-1567






2 SSITE CHARACTERISTICS
2.1 Review Objective

The purpose of the site characteristics review isto make three determinations. Thefirstis
whether the applicant has properly identified the external natural and man-induced phenomena
for inclusion in the design basis and whether the design basis levels are adequate. The second is
whether the applicant has adequately characterized local land and water use and population so
that important individuals and populations likely to be affected can beidentified. Thethirdis
whether the applicant has adequately characterized the transport processes which could move
any released contamination from the facility to the maximally exposed individuals and
populations.

The results of thisreview determine the acceptability of site-derived design bases. The
determination whether the design basis events were properly incorporated into the proposed
designis made in the design review sections of the Standard Review Plan (SRP). The results aso
determine the location of maximally exposed individuals and popul ations and the
dilution/dispersion parameters to be used by the radiation protection reviewer in determining the
impacts of normal operations and accidents.

Because the site characteristic information required of the Safety Analysis Report (SAR) and of
the Environmental Report (ER) issimilar, common information is normally presented in one
document which is referenced by the second document. Thus, the reviewer may need copies of
the relevant sections from both documents.

An overview of the site characteristics review processis shown in Figure 2.1 which shows that
the site review process draws upon information from the application. Someresults are
documented in the NRC staff-prepared Safety Evaluation Report (SER); others are used in other
technical review areas.

2.2 Areasof Review

The following outline shows the six areas of review addressed in Section 2.4, Acceptance Criteria,
and Section 2.5, Review Procedures:

Geography and Demography
Site Location
Site Description
Population Distribution and Trends
Land and Water Use

2-1 NUREG-1567
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SECTION 2 SITE CHARACTERISTICS

Nearby Industrial, Transportation, and Military Facilities

M eteorology
Regiona climatology
L ocal meteorology
Onsite meteorological measurement program

Surface Hydrology
Hydrologic description
Floods
Probable Maximum Flood (PMF) on streams and rivers
Potential dam failures (seismically induced)
Probable maximum surge and seiche flooding
Probable maximum tsunami flooding
Ice flooding
Flood protection requirements
Environmental acceptance of effluents

Subsurface Hydrology

Geology and Seismology
Basic geologic and seismic information
Vibratory ground motion
Surface faulting
Stability of subsurface materials
Slope stability

2.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information
(a) “A description and safety assessment of the site...with appropriate attention to the design
bases for external events.”

72.40 Issuance of license
(a)(2) “The proposed site complies with the criteriain Subpart E;”
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72.90 General considerations

() “Site characteristics...must be investigated and assessed.”

(b) “Proposed site...must be examined with respect to the frequency and the severity of external
natural and man-induced events that could affect ... safe operation.”

(c) “Design basis external events must be determined for each combination of proposed site and
proposed ... design.”

(d) “Proposed sites with design basis external events for which adequate protection cannot be
provided through ... design shall be deemed unsuitable.”

(e) “[T]he potential for radiological and other environmental impacts on the region must be
evauated.”

() “Thefacility must...avoid...adverse impacts associated with the occupancy and modification of
floodplains.”

72.92 Design basis external natural events

(a) “Natural phenomena...that can occur in the region of a proposed site must be identified and
(b) “Records of the occurrence and severity of...natural phenomena must be collected...and
evauated.”

(c) “Appropriate methods must be adopted for evaluating the design basis external natural
events.”

72.94 Design basis external man-induced events

(a) “The region must be examined for both past and present man-made facilities and activities
that might endanger the proposed ISFSI or MRS.”

(b) “Information concerning the potential occurrence and severity of such events must be
collected and evaluated.”

(c) “Appropriate methods must be adopted for evaluating the design basis external man-induced
events.”

72.96 Siting limitations

(@ “An ISFSI which is owned and operated by DOE must not be located at any site within which
thereisa candidate site for a[High-Level Waste] HLW repository.”

(b) “An MRS must not be sited in any State in which there is any site approved for site
characterization for aHLW repository.”

(c) “If an MRS islocated...within 50 miles of the first HLW repository, any Commission decision
approving the first HLW repository application must limit the quantity of spent fuel or high-level
radioactive waste that may be stored.”

(d) “An MRS authorized by section 142(b) of [Nuclear Waste Policy Act] NWPA ... may not be
constructed in the State of Nevada.”

NUREG-1567 2-4
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72.98 Identifying regions around an ISFSI or MRS site
(a) “Theregional extent of external phenomena... that are used as a basis for the design ... must
be identified.”
(b) “The potential regiona impact due to the construction, operation or decommissioning...must
be identified.”
(c) “Those regions identified pursuant to paragraphs (a) and (b) of this section must be
investigated with respect to:
(1) The present and future character and the distribution of population,
(2) Consideration of present and projected future uses of land and water within the
region, and
(3) Any special characteristics that may influence the potential consequences of arelease
of radioactive material during the operationa lifetime of the ISFSI or MRS.”

72.100 Defining potential effects of the ISFSI or MRS on the region
(a) “The proposed site must be evaluated with respect to the effects on populations.”
(b) “Each site must be evaluated with respect to the effects on the regional environment.”

72.102 Geologica and Seismologica characteristics

@ (1) “East of the Rocky Mountain Front...except in areas of known seismic activity...sites
will be acceptable if investigations show no unstable geological characteristics ... for
vibratory ground motion ... in excess of an appropriate response spectrum anchored
a0.2g9”
(2) “For those sites that have been evaluated under paragraph (a)(1) of this section that are
east of the Rocky Mountain Front, and that are not in areas of known seismic activity, a
standardized design earthquake (DE) described by an appropriate response spectrum
anchored at 0.25 g may be used. Alternatively, asite-specific DE may be determined by
using the criteriaand level of investigations required by appendix A of part 100 of this
chapter.”

(b) “West of the Rocky Mountain Front ... and in other areas of known potential seismic activity,

seismicity will be evaluated by the techniques of appendix A of part 100 of this chapter.”

(c) “ Sites other than bedrock sites must be evaluated for their liquefaction potential or other soil

instability due to vibratory ground motion.”

(d) “ Site-specific investigations and |aboratory analyses must show that soil conditions are

adequate for the proposed foundation loading.”

(e) “In an evaluation of alternative sites, those which require a minimum of engineered provisions

to correct site deficiencies are preferred.”

(f) “The... DE for use in the design of structures must be determined as follows:
(1) For sitesthat have been evaluated under the criteria of appendix A of 10 CFR Part
100, the DE must be equivalent to the safe shutdown earthquake (SSE) for a nuclear
power plant.
(2) Regardless of the results of the investigations anywhere in the continental U.S., the DE
must have avalue for the horizontal ground motion of no less than 0.10 g with the
appropriate response spectrum.”

2-5 NUREG-1567
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72.122 Overal requirements
(b) “Protection against environmental conditions and natural phenomena.
(1) Structures, systems, and components (SSCs) important to safety must be designed to
accommodate the effects of ... site characteristics and environmental conditions
associated with normal operation, maintenance, and testing of the ISFSI or MRS and to
withstand postulated accidents.

(2) SSCsimportant to safety must be designed to withstand the effects of natural

phenomena.... The design bases for these SSCs must reflect:

(i) Appropriate consideration of the most severe of the natural phenomena
reported for the site and surrounding area

(it) Appropriate combinations of the effects of normal and accident conditions and

the effects of natural phenomena.
The ISFSI or MRS should also be designed to prevent massive collapse of

building structures or the dropping of heavy objects on the spent fuel or high-level

radioactive waste or on to structures, systems, and components important to

safety.”
(4) “If the ISFSI or MRS s located over an aquifer which is amajor water resource,
measures must be taken to preclude the transport of radioactive materials to the
environment through this potential pathway.”

A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter isgiven in Table 2.1. The reviewer should independently verify the relationshipsin
this matrix to ensure that no requirements are overlooked because of unique applicant design

features.

Table 2.1 Relationship of Regulationsand Areas of Review

Areas of Review

10 CFR Part 72 Regulations

72.24

72.40

72.90

72.92

72.94

72.96

72.98

72.100

72.102

72.122

Geography &
Demography

Nearby Fecilities

M eteorol ogy

Surface Hydrology

Subsurface
Hydrology

Geology &
Seismology

2.4 Acceptance Criteria

The specific acceptance criteriafor methods used to identify design criteria are presented in the
appropriate parts of this section. No specific acceptance criteria for factors such as aimospheric
dispersion or population location are applied in assessing the impacts. Rather, the applicant must
supply accurate information so that realistic impacts can be estimated.

NUREG-1567
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SECTION 2 SITE CHARACTERISTICS

2.4.1 Geography and Demography

10 CFR 72.90, 72.98, 72.100, and 72.122 require that the SAR contain information about the site
geography, population, and water and land uses. The criteria given here indicate the kind and
degree of detail of information required in an application before areviewer can validate its
adequacy for usein an impact analysis.

2.4.1.1 SiteLocation

Information on site location of the proposed | SFSI and nearby facilities should clearly describe
the location by stating the site’ s host State and county, and its latitude, longitude, and Universal
Transverse Mercator coordinates. Maps and aerial photographs of the site should be presented
with radial coverage extending a minimum of 8 km (5 mi) from the site. A detailed map of the
site area should clearly show adjacent buildings, roads, railroads, transmission lines, wetlands,
and surface water bodies. The reviewer should be aware of the limitations on ISFSI and MRS
siting which arelisted in 10 CFR 72.96, and the potential changes to these limitations which may
have been enacted by Congress.

2.4.1.2 SiteDescription

A site map should clearly indicate the site boundary and the controlled area (if different from the
site boundary), controlled area access points, and the distances from the boundary to significant
features of the installation. The SAR should discuss the applicant’s legal responsibilities for the
properties described, such as ownership, lease, or easements. Topographic maps should reveal
the site topography and surface drainage patterns as well as roads, railroads, transmission lines,
wetlands, and surface water bodies on the site. Vegetative cover and surface soil characteristics
should be described to facilitate evaluation of fire hazards and erosion. Other activities
conducted by the applicant within the controlled area should be identified, and potential
interactions with ISFS| operation discussed.

2.4.1.3 Population Distribution and Trends

Current population data and projections should be presented. A sector map of population should
divide the areawithin a 8-km (5-mi) radius of the site by concentric circleswith radii of 1.5, 3, 5,
6.5 and 8 km (approximately 1, 2, 3, 4, and 5 miles), and by 22.5-degree segments, each segment
centered on one of the 16 compass points. Current and projected populations in each sector
should be given. The population data should be overlain on a base map which shows any cities
or towns. The maximally exposed individual(s) should be specifically identified and arationale
for their selection (e.g., nearest well, closest person downwind in the predominant wind direction)
presented.
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24.1.4 Land and Water Use

Use of land and water within an 8-km (5-mi) radius should be described. Residential, farming,
dairy, industrial, and recreational uses of land and water should be presented in sufficient detail to
allow estimates of concentrations of radionuclides to populations from any airborne or liquid
effluents.

2.4.2 Nearby Industrial, Transportation, and Military Facilities

10 CFR 72.94 requires that the region be examined for man-made facilities that might endanger
the proposed ISFSI or MRS. The SAR should indicate the locations of nearby industrial,
transportation, military, and nuclear installations on a map which clearly showstheir distance and
relationship to the ISFSI. All facilities within an 8-km (5-mi) radius and all relevant facilities at
greater distances should beincluded. For each facility, the products or materials produced,
stored, or transported should be described, and any potential hazards to the ISFSI from activities
or materials at the facilities should be discussed. Any effect of these facilities on the specific

| SFSI design basis should also be discussed.

2.4.3 Meteorology

10 CFR 72.90 requires that site characteristics affecting the safety of the proposed ISFSI or MRS
must be assessed. The SAR should describe the meteorological conditions at the site and vicinity.
Conditions which influence the design and operation of the facility should be identified, and
sources of all information should be stated. Enough information should be provided to permit
NRC staff to independently evaluate atmospheric diffusion characteristics of the site area.
Enough information should also be provided to permit NRC staff to determine the basisfor the
high winds (either straight line or tornado winds) and high temperature used in the design basis.

2.4.3.1 Regional Climatology

The SAR should describe the climate of the region, including temperature, precipitation, relative
humidity, general airflow, pressure patterns, cloud cover, average wind speeds, and prevalent
wind direction. Ranges and seasonal variations of these parameters should be discussed.

Climate characteristics attributable to terrain should be mentioned. Data on the frequency,
intensity, and duration of severe weather should be presented. For example, the SAR should
address. temperature, wind, and precipitation extremes; hurricanes, tropical storms, tornadoes,
lightning strikes; and snow, ice, and hail storms. Data sources and reliability should be discussed.
The rationale for the design basis winds and temperature should be stated in the application.

2.4.3.2 Local Meteorology

The description of local meteorology should summarize data on temperature, wind speed and
direction, and relative humidity collected onsite as well as at nearby weather stations. The
representativeness of data collected offsite should be discussed. If offsite data adequately
represent onsite conditions, then onsite data may not be necessary. For the purpose of evaluating
atmospheric diffusion, topographic maps at two different scales should be provided. One should
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show detailed topographic features, as modified by the facility, within an 8-km (5-mi) radius of
the site. A smaller-scale map should show topography out to a 16-km (10-mi) radius. This map
should be accompanied by profiles of maximum elevation over distance from the center of the
installation out to 16-km (10-mi) for each of the 22.5 degree compass-point sectors.

2.4.3.3 Onsite M eteor ological M easurement Program

The meteorological data collected onsite should be reviewed to ensure its adequacy for NRC staff
to conduct independent atmospheric dispersion estimates for both postulated accidents and
expected routine releases of gaseous effluents. The meteorological data should be provided in
the form of joint frequency distributions of wind speed and wind direction by atmospheric
stability class. The SAR should state the measurements made, the locations and elevations of
measurements, descriptions of the instruments used, instrument performance specifications,
calibration and maintenance procedures, and data analysis procedures. Any onsite program and
any programs to be used during operations to estimate offsite concentrations of airborne effluents
should be described in conformity to Regulatory Guide 1.23, “ Onsite Meteorological Programs,”
criteriafor an acceptable onsite meteorological measurements program, and its format for
presenting stability class data. If no onsite measurement program exists, the applicant should
provide justification for using data from nearby stations.

2.4.4 Surface Hydrology

10 CFR 72.98 requires that the present and future uses of land and water within the region be
investigated. The SAR should contain adequate information for an independent review of all
surface hydrology-related design bases, performance requirements, and operating procedures
important to safety.

2.4.4.1 Hydrologic Description

The SAR should characterize the surface hydrologic features of the region, area, and site, because
thisinformation is the basis for hydrologic engineering analyses. The location, size, and
hydrologic characteristics of all streams, rivers, lakes, and adjacent shore regions which influence
or may influence the site or facilities under severe hydrologic conditions, should be described.
Topographic maps of the area and the site should be provided to give a clear understanding of
these features. A map of the site area should indicate any proposed change to the natural
drainage features. If the siteisvulnerableto river flooding, any river control structures upstream
or downstream of the site should be identified.

The SAR should identify the sources of the hydrologic information, the types of data collected,
and the methods and frequency of collection. The SAR should also list the structures important
to safety, including their exterior accesses, and equipment and systems which may be affected by
hydrologic features. The SAR should note any surface waters which could potentialy be
affected by normal or accidental effluents from the site. A listing of any population groups which
use such surface waters as a potable water supply should be provided, as well as the size of these
population groups, location, and water-use rates.
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2.4.4.2 Floods

The SAR should adequately support any claim that the proposed site is flood-dry, that is, with
structures important to safety so high above potential sources of flooding that safety is obvious
or can be documented with little analysis, asindicated in American National Standards
Institute/American Nuclear Society (ANSI/ANS) 2.8-1981.

If the site is not flood-dry, then the SAR should identify the design basis flood (DBF) and
provide arationale for this specific design basis. Such arationale should contain a synopsis of
the flood history of the site, including dates and maximum water levels. Causes of past and
potential future flooding, such asriver or stream floods, surges, tsunami, dam failures, ice jams,
etc., should be provided. A detailed analysis of the flooding potential of the siteisrequired, as
discussed in SRP Sections 2.4.4.3 through 2.4.4.9. Thisinformation should be detailed enough
for NRC staff to perform an independent flood analysis of the site, as described in NUREG-0800,
“Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants,”
Section 2.2.2(11).

2.4.4.3 Probable Maximum Flood on Streams and Rivers

The SAR must consider the PMF on adjacent streams and riversin its detailed flood analysis. If
the SAR did not follow the approach for assessing PMFsin ANSI/ANS 2.8-1981, then it should
describe the alternative approach used. The steps taken to derive the probable maximum
precipitation (PMP) over the applicable drainage area, the precipitation losses, the amount of
runoff, and the PMF should be shown. Drainage basins should be identified on atopographic
map. The estimated discharge hydrograph for the PMF at the site and, if applicable, asimilar
hydrograph without the effects of an upstream reservoir should be included. The conversion of
the PMF peak discharge into water elevation at the site should be described. Wind-wave activity
which could coincide with the PMF should be discussed. Finally, the locations and associated
water levels for which PMF determinations have been made should be summarized.

2.4.4.4 Potential Dam Failures (Seismically Induced)

If potential dam failures are necessary to identify flood design bases, then the SAR should
discuss the effects of potential seismically induced dam failures (both upstream and downstream)
on the water levels of streams and rivers. Descriptions of existing or proposed dams and
reservoirs which could influence conditions at the site should be provided and include seismic
design criteriafor dams. The potential dam failure modes which lead to the most critical
consequences for the site (flood or low reservoir level) should be described. Domino-type dam
failures from floodwaves should be considered where applicable. Finaly, the reliability of the
water level estimate should be addressed.
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2.4.4.5 Probable Maximum Surge and Seiche Flooding

If the siteisat risk of inundation from surge or seiche flooding, these hazards should be
described. Water bodies which could impact the site should be described, and the surge and
seiche history of the site should be provided. The frequency and magnitudes of potential causes
of surges, such as hurricanes, wind storms, squall lines, and other mechanisms should be
described. A graph of the calculated maximum surge hydrograph should be provided. The
potentially coincident wind-generated waves and the possibility of wave oscillation at natural
frequencies should be described. Estimates of potential wave runup, erosion, and sedimentation,
and any site facilities designed to guard against these processes, should be described.

2.4.4.6 Probable Maximum Tsunami Flooding

If the site abuts a coastal area, the hazards posed by tsunami should be analyzed. The history of
tsunami in the region--be it recorded, translated, or inferred from the geol ogic record--should be
anayzed. The analysisshould include all potential tsunami generators, such as specific faults,
fault zones, volcanoes, and potential landslide areas. The maximum tsunami height from these
causes should be estimated at the source, in deep water offshore from the site, and onshore. A
probable maximum tsunami should be derived from these analyses. Near-shore routing, wave
breaking, bore formation, and resonance effects of this tsunami should be discussed. Any
structures designed to protect against tsunami flooding should be described.

2.4.4.7 IceFlooding

If the site is not subject to flooding caused by ice jams, abrief statement of explanation should be
provided. If the siteis subject to ice-jam flooding, an analysis of this hazard should be provided.
The history of ice jam formation in the region and the location of ice-generating mechanisms
relative to the facility should be described. Any structures designed to protect against flooding
from ice jams should also be described.

2.4.4.8 Flood Protection Requirements

The static and dynamic consequences of all types of flooding on each storage structure and
component important to safety should be described if the previous flooding analyses indicate that
the structure or component is subject to flooding. The design bases required to ensure that all
structures and components can survive al design flood conditions should be included.

2.4.4.9 Environmental Acceptance of Effluents

The ability of the surface water and ground water environment to disperse, dilute, or concentrate
normal and inadvertent liquid releases of radioactive effluents for the full range of anticipated
operating conditions, including accident scenarios leading to worst-case releases, should be
described. All potential surface water and ground water pathways by which radionuclides could
reach existing and potential water users should beidentified. Any potential for water
recirculation, sediment concentration, or hydraulic short-circuiting of cooling ponds should be
assessed in anticipation of normal or accidental releases of radionuclides.

2-11 NUREG-1567



SITE CHARACTERISTICS SECTION 2

2.4.5 Subsurface Hydrology

10 CFR 72.122 requires that measures be taken to preclude the transport of radioactive materials
to the environment through subsurface characteristics. The SAR should contain adequate
information for an independent review of al subsurface hydrology-related design bases and
compliance with dose radiological exposure standards.

If the Siteislocated over an aquifer which is a source of well water, the groundwater aquifer(s)
beneath the site, the associated hydrologic units, and their recharge and discharge areas should be
described. Theresults of asurvey of groundwater users, well locations, source aquifers, water
uses, static water levels, pumping rates, and drawdown should be provided. A water table
contour map showing surface water bodies, recharge and discharge areas, and locations of
monitoring wells to detect |eakage from storage structures should also be provided. Information
on monitoring wells should include: wellhead elevation, screened interval, installation method,
and representative hydrochemical analyses. An anaysis bounding the potential groundwater
contamination from site operations should be provided. A graph of time versus radionuclide
concentration at the closest existing or potential downgradient well should be included.

2.4.6 Geology and Seismology

10 CFR 72.102 requires that the SAR describe the geological and seismological setting of the site
and surrounding region. Conditions which may influence the design and operation of the facility
should be identified, and sources of al information should be stated. Enough information for an
independent evaluation of the potential ground vibrations and the seismic and fault displacement
hazards at the site area should be provided. Design bases for ground vibration, surface faulting,
subsurface materia stability, and slope stability should also be provided.

2.4.6.1 Basic Geologic and Seismic Information

Basic geologic and seismic characteristics of the site and vicinity should be provided. The
geologic history of the area should describe itslithologic, stratigraphic, and structural conditions.
A large-scale geologic map of the site area showing the surface geology and the location of major
facilities should be provided. A stratigraphic column and cross-sections should also be provided.
Planar and linear features of structural significance such asfolds, faults, synclines, anticlines,
basins, and domes should be identified on a geologic map showing bedrock surface contours. A
description of the site geomorphology should include areas of potential landsliding or
subsidence, and a topographic map showing geomorphic features and principal site facilities
should be provided. Theresults of pertinent geophysical investigationsin the area, such as
seismic refraction, seismic reflection, aeromagnetic, or geoelectrical surveys, should also be
provided.

The SAR should evaluate geol ogic features from an engineering geology perspective. Detailed
static and dynamic engineering properties of soil and rock underlying the site should be provided,
with the results integrated to provide a comprehensive understanding of the surface and
subsurface conditions. A small-scale map should show major features of the installation and the
locations of all borings, trenches, and excavations. Small-scale cross-sections should

NUREG-1567 2-12



SECTION 2 SITE CHARACTERISTICS

demonstrate rel ationships between major foundations and subsurface materials, structures, and
the water table. Finally, any physical evidence concerning the behavior of surficial site materials
during previous earthquakes should be presented.

2.4.6.2 Ground Vibration

The design basis ground vibration and arationale for its selection should be presented and
explained. Therationale should list historical earthquakes which could have affected the site,
thelir dates, epicenter locations, and magnitudes. Thislisting of eventsis not constrained by
distance and may include entries for distant structures, such as the New Madrid fault system. All
faults and epicenters should be displayed on maps of appropriate scales. The fault map should
include all potentially significant faults or parts of faults within 161 km (100 mi), regardless of
capability. All capable faults (as defined in 10 CFR Part 100, Appendix A) which may be of
significance in establishing the design basis ground vibration for the site should be identified and
adequately described. The maximum ground vibration at the site should be derived from the
potential earthquakes from all capable faults and from floating earthquakes (FEs, those not
associated with a previoudly identified structure).

2.4.6.3 Surface Faulting

Surface faulting at the site and underlying tectonic structures which have caused or might cause
faulting should be described. The capability of any mapped faults 300 m (1000 ft) or longer
within 8 km (5 mi) of the site should be described. Those judged capable should be described in
detail, with special attention to their displacement history and their relationship to any regional
tectonic structures.

2.4.6.4 Stability of Subsurface Materials

The stability of the rock (defined as having a shear wave velocity of at least 1166 m/s[3500 ft/s])
and soil beneath the foundations of the facility structures while subjected to the design basis
ground vibration should be described. The geologic features which could affect the foundations,
such as areas of potential uplift or collapse, or zones of deformation, alteration, structural
weakness, or irregular weathering, should be described. The static and dynamic engineering
properties of the materials underlying the site, as well as the physical properties of foundation
materials should be described. A plot plan showing the locations of all borings, trenches, seismic
lines, piezometers, geologic cross-sections, and excavations, with all installation structures
superimposed, should be provided. Plans and profiles showing the extent of excavations and
backfill, aswell as compaction criteria, should be provided. The water table history and
anticipated groundwater conditions beneath the site during facility construction and operation
should be described. Analyses of soil and rock responses to dynamic loading should be
provided, and potential liquefaction beneath the site should be discussed. Criteria, references, or
methods of design used, along with safety factors, should be discussed.
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2.4.6.5 Slope Stability

The stability of all natural and man-made slopes, both cut and fill, the failure of which could
adversely affect the site, should be described. Cross-sections of the slopes and a summary of the
static and dynamic properties of embankment and foundation soil and rock underlying the
slopes, should be provided. The design criteria and analyses used to determine slope stability
should be described.

2.5 Review Procedures

2.5.1 Geography and Demography

The reviewer should use the methods stated below to perform the compliance review of the
geography and demography information in the SAR.

2.5.1.1 SiteLocation

Confirm that the site location, its relationship to political boundaries, and the natural and
anthropogenic features of the area are properly described. Use U.S. Geological Survey (USGS)
topographic maps and aerial photos (obtained either independently or from the applicant) to
verify the location described in the SAR.

2.5.1.2 Site Description

Ensure that the site maps clearly delineate boundary and controlled areas. Confirm that distances
between the controlled area boundary and the storage location, as well as other possible effluent
release points, are accurately reported. These distances should agree with those used in SAR
Section 8, accident analyses. Check that access to the controlled areawill be adequately
restricted to protect individuals outside the area, asrequired by 10 CFR 72.104. Ensure that the
orientation of plant structures with respect to nearby roads, railways, and waterways is shown,
and that there are no obvious ways by which transportation routes within the controlled area can
interfere with normal I1SFSI operations. Use site visitsto verify information in the site
description.

2.5.1.3 Population Distribution and Trends

Confirm that the source of the population data used in the SAR is appropriate and that the basis
for population projectionsisreasonable. The population data can be compared to other data
available from local or State agencies, councils of government, Census Bureau CED tapes and
projections, or any Bureau of Economic Analysis special census. Note significant differences
from SAR data which may require clarification. Determine whether the rationale for identifying
the maximally exposed individual is consistent with local meteorology and patterns of land and
water use.

NUREG-1567 2-14



SECTION 2 SITE CHARACTERISTICS

25.1.4 Land and Water Use

Compare SAR land use information to existing data on land use, land use controls such as
zoning, potential for growth, and other factors which may encourage or retard population growth
between the facility and the nearest population. Confirm the identification of any bodies of water
or aquifers used by humans, livestock, or farmswithin 8 km (5 mi) of the site. Compare SAR
information with available independent data on water use and any projections of future water use
in the vicinity of the site. Consider the level of detail appropriate to the projected distance of the
nearest future population center to the site and the level of projected water withdrawal within 8
km (5 mi) of the site.

2.5.2 Nearby Industrial, Transportation, and Military Facilities

Review the potential hazards associated with nearby facilities. In addition to obviousindustrial or
nuclear facilitiesin the area, consider other anthropogenic features which could conceivably pose
a hazard, such as transportation routes, railroads, and airports. Accuracy of the SAR information
can be confirmed by referring to USGS maps, aerial photos, or other documents, such as
applications from any nearby nuclear plants. Use contacts with local, State, and other Federal
agencies.

Review specific information relating to types of potentially hazardous material expected to be
transported in the areaincluding: distance, quantity, and frequency of shipment. The hazards
from nearby facilities may include, but are not limited to: explosions of chemicals, flammable
material, or munitions; detonation of explosives stored at mines or quarries; structure,
petrochemical, brush, or forest fires; and release of toxic gases. Consider aircraft size, velocity,
weight and fuel load in assessing the hazards of aircraft crashes on an installation near an airport.
Analyze the effects of any airborne pollutants from nearby facilities and the effects of a possible
collapse of any discharge stacks on site. Determine if the methods used by the applicant to
guantify offsite hazards are consistent with the guidance in Chapter 15, Accident Analysis, of the
FSRP. Identify potential accidents which cannot be eliminated from consideration as design
basis events because the consequences could affect facility safety features. Ensure that such
accidents are adequately considered in the design criteria of SAR Chapter 3.

2.5.3 Meteorology

The reviewer should use the methods stated below to perform the compliance review of the
meteorology information in the SAR.

2.5.3.1 Regional Climatology

Review the SAR description of climate parameters against standard references listed in NUREG-
0800, Section 2.3.1(11) for verifying meteorological discussions and data. Confirm that the data
sources are reliable and that the level of detail in the database is appropriate. Ensure that climate
data are based on long-term data gathering at National Weather Service (NWS) stations and other
sites with reliable meteorol ogical monitoring equipment. Review the information on severe
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weather, especially strong wind and wind-borne missiles, and check for consistency with the
values used to develop structural design criteriain SAR Chapter 3.

2.5.3.2 Local Meteorology

Use maps and site visits to become familiar with the locations of all primary meteorological
stations. Review the topographic maps for the accurate location of features, and confirm accurate
portrayal of topography on the topographic profiles. Review summaries of the meteorol ogical
datafor adequacy and completeness of the database. Whenever possible, review the onsite wind
speed and atmospheric stability data which are used to model atmospheric diffusion because
airflow and vertical temperature structure can vary substantially over short horizontal distances.
If only offsite data are available, determine how well the data represent site conditions. Consult
referencesin NUREG-0800, Section 2.3.2(111), to evaluate the representativeness of weather
stations and periods of record. Data summaries from nearby stations with long periods of
records should well represent long-term meteorological extremes. Ensure consistency between
these extreme values and those used to devel op structural and thermal design criteria.

2.5.3.3 Onsite M eteor ological M easurement Program

Review two areas in this section, the instruments gathering the meteorol ogical data and the data
itself, by examining instrument siting, meteorological sensors, recordings of meteorological
sensor output, instrument surveillance, and data acquisition and reduction, as discussed in detail
in NUREG-0800, Section 2.3.3.

Review thejoint frequency distributions of wind speed, wind direction, and atmospheric stability.
Ensure that measurement heights and data recording periods are appropriate. In addition,
determine the climatic representativeness of the joint frequency distribution by comparing with
data from nearby stations which have collected reliable meteorol ogical data over along period,
such as 10-20 years. Ensure that the meteorological measurement program is consistent with
gaseous effluent release structures and systems design. Assume that the effluent release structure
and system design are commensurate with the degree of risk to public health and safety.

2.5.4 Surface Hydrology

The reviewer should use the methods stated below to perform the compliance review of the
surface hydrology information in the SAR.

2.5.4.1 Hydrologic Description

Ensure that al relevant hydrologic features are addressed and properly described by using USGS
topographic maps and avail able independent hydrologic reports for this verification. Determine
whether hydrologic features which influence or may influence the site under severe hydrologic
conditions (e.g., aflood) have been adequately described. Review the criteria governing
operation of any upstream or downstream river control structures for scenarios of problemsin
river management. Examine any proposed alterations to the natural drainage pattern of the site.
Ensure that the design of any systems, structures, and components important to safety can
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accommodate the effects of these aterations. Review local hydrologic reportsto confirm the
identity of population groups getting potable water from the described hydrologic features. Use
references in NUREG-0800, Section 2.4.1(11), to verify information provided for this section by
the applicant.

2.5.4.2 Floods

Review any claim that the siteisflood-dry. Consider that a descriptive statement of
circumstances and rel ative elevations may be enough to complete such areview. Evaluate the
bases of any analogy with comparable watersheds for which PMF levels have been determined or
approximations of PMF levels used. Require details only to the level required to prove that
structures important to safety are safe from flooding. Ensure that conservatismisused in all
methods and assumptions. Consult ANSI/ANS 2.8-1981 for descriptions of acceptable
procedures to demonstrate flood-dry status.

If the siteis not clearly flood-dry, review in detail the analysis called for in Sections 2.5.4.3
through 2.5.4.9. Determine whether SAR Chapter 3 adequately addresses the DBF in Sections
2.5.4.3 through 2.5.4.9.

2.5.4.3 Probable Maximum Flood on Streams and Rivers

Review the SAR derivation of the PMF. Rely oninformation from actual stormsin the region of
the drainage basin. Consider storm configurations, maximum storm precipitation amounts
(compare these with NWS and Army Corps of Engineers [COE] determinations), time
distributions, orographic effects, storm centering, seasonal effects, antecedent storm sequences,
and antecedent snowpack. Confirm by calculations that the maximum storm precipitation
distribution for the drainage basin is conservative. Review the SAR analysis of the absorption
capability of the drainage basin. Ensure that assumptions of initial losses, infiltration rates, and
antecedent precipitation are reasonable and justified. Review the SAR model for calculating
runoff, as well as the input data such as hydrologic response characteristics of the watershed.
Check that subbasin drainage areas and topographic features are mapped properly, and review
the tabulation of drainage areas, runoff, and reservoir and channel-routing coefficients. Confirm
that the PMF hydrograph represents the flow from the PM P and any possible coincident
snowmelt.

Determine whether the PMF analysis considers any existing or proposed upstream dams or river
structures and their ability to withstand aPMF. Confirm the maximum water flows from
breachesif they are not designed to withstand a PMF. Review the PMF stream course response
model and its ability to compute floods of various magnitudes up to the severity of aPMF.
Review any reservoir and channel-routing assumptions, and the assessment of initial conditions,
outlet works, spillways, coincident wind-wave action, wave protection, and reservoir design
capacity. Review the process of translating PMF discharge to peak water level at the site by such
means as. topographic profiles, reconstitution of historical floods, standard step methods,
roughness coefficients, bridge and other losses, extrapolation of coefficients for the PMF,
estimates of PMF water surface profiles, and flood outlines. Review the SAR discussion of the
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effects on structures from runup and the static and dynamic effects of wave action which may
occur coincidentally with the PMF peak water level.

Perform an independent analysis of the PMF by using alternative data and interpretations when
available. Require additional justification if the SAR analyses are more than five percent less
conservative than independent NRC estimates.

Consult the following documentsin reviewing SAR data and analyses. Regulatory Guide 1.59,
“Design Basis Floods for Nuclear Power Plants,” guidance for estimating the PMF design basis,
Regulatory Guide 1.102, “Flood Protection for Nuclear Power Plants,” description of acceptable
flood protection for safety-related facilities; and NWS and Army COE documents for estimating
PMF discharge and water level conditions at the site.

2.5.4.4 Potential Dam Failures (Seismically Induced)

Review whether the applicant considered all relevant dams and reservoirs which could affect the
sitein the event of faillure. Review the drainage areas above reservoirs, and ensure that all dam
structures, appurtenances, and ownership are completely described. Review the reservoir

el evation/storage relationships and short- and long-term storage allocations. Ensure that the
discussion of dam failures considers all factorsincluding: landslides, antecedent reservoir levels,
domino-type multiple dam failures, and base river flow coincident with the flood peak, but not
necessarily the simultaneous occurrence of the PMF with a seismic dam failure. Ensurethat a
conservative analysis has been used and that it assumes that the maximum earthquake (based on
historic seismicity) coincides with full reservoirs and either aflood half the size of the PMF or a
standard-project flood as defined by the Army COE. Review for conservatism the basis for

sel ecting the maximum earthquake which can lead to dam failure.

Review the calculations used to derive the peak flow rate and water level at the site which could
result from the worst possible dam failure. Examine all methods and coefficients used in these
calculations, and ensure that the analytical methods apply to such artificially large floods.
Review the discussion of static and dynamic effects of the floodwave at the site. Examine the
assumptions used to attenuate the wave if credit is taken for downstream attenuation of a
floodwave. Ensure that wind waves which may coincide with the flood are properly considered.

Conduct amore refined analysis, as described in NUREG-800, Section 2.4.4(111), if thisflooding
anaysisindicates a potential flooding problem. To the extent possible, conduct an independent
analysis of the flooding effects from a seismically induced dam failure by using simplified,
conservative procedures according to guidance in ANSI/ANS 2.8-1981. Require additional
justification if the SAR analyses are more than five percent less conservative than independent
NRC estimates.

2.5.4.5 Probable Maximum Surge and Seiche Flooding
Review the descriptions of potential surge and seiche sources, and ensure that they address the
most severe combination of reasonable meteorological parametersincluding: storm track, wind

fields, wind fetch, and bottom effects. Use NUREG-0800, Section 2.4.5(111), for its discussion of
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methods to devel op the maximum hurricane parameters for asite, to estimate the maximum
surge still water elevations at coastal sites, and to estimate coincident wind-generated waves and
runup. Use National Oceanic and Atmospheric Administration (NOAA) Technical Report NWS-
23 for its descriptions of the meteorological characteristics of the probable maximum hurricane
for the East and Gulf Coasts, the most severe combination of meteorological parameters of
moving squall lines for the Great L akes, and the most severe combination of meteorological
parameters capable of producing high storm-induced tides for the West Coast.

Confirm that ambient water levels, including tides and sea-level anomalies, are conservatively
estimated. Use NUREG-0800, Section 2.4.5(11), for its discussion of water level estimation
methods which follow NOAA and Army COE guidance. Ensure that the method of developing
the surge hydrograph from the meteorological, hydrological, and site-specific information is
appropriate. Review the information on wave action which may coincide with surges. Ensure
that estimates of wave height and runup are adequately conservative and, if appropriate, include
breaking waves. Review the analysis of wave resonance within any lakes or harbors near the site.

To the extent possible, conduct an independent analysis of the water level and wave height for
surges and seiches by using alternative data and interpretations when available. Require
additional justification if the SAR analyses are more than five percent less conservative than
independent NRC estimates.

2.5.4.6 Probable Maximum Tsunami Flooding

Review the historical tsunami information for completeness. Review the tabulation of source
areas capable of generating tsunami at the site for completeness. Evaluate the seismic
characteristics of the tsunami generators, including fault location and orientation, aswell as
amplitude and areal extent of potential vertical displacement, to ensure that conservative values
have been used. Examine thisinformation for consistency with that provided in the SAR
geology and seismology section. Review the tabulation of maximum tsunami wave heights
which can be generated at each local source and the maximum deep-water heights generated by
distant sources. Review the process used to identify the source of the probable maximum
tsunami for transparency. Examine the method used to translate tsunami waves from deep
water, offshore locationsto the site. Review the analysis of local factors which may affect the
magnitude of tsunami flooding, such as coastline shape, offshore land areas, hydrography, and
stability of the coastal area. Ensure the reasonableness of assumptions and the inclusion of
appropriate bathymetric datain the analysis. For the probable maximum tsunami, review the
analysis of potential breaking wave formation, bore formation, resonance effects, or other factors
which can affect the maximum height of the tsunami water level. Use NUREG-0800, Section
2.4.6(111), for references for evaluating ambient tide and wave conditions, oscillation of waves at
natural periodicity, and the adequacy of protection from flooding.

To the extent possible, conduct an independent analysis of the source of the probable maximum
tsunami and its resulting water height at the site by using alternative data and interpretations
when available. Require additional justification if the SAR analyses are more than five percent
less conservative than independent NRC estimates.
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2.5.4.7 IceFlooding

Determine whether ice flooding poses athreat to the site on the basis of areview of the applicable
literature describing historical occurrences of icing in the region, and, if so, ensure the adequacy
of the SAR historical description. Use NUREG-0800, Section 2.4.7(11), for referencesin
researching the history and potential for ice formation in the region. Ensure that the SAR
properly considers al ice-related hazards, such asice jam floods, wind-driven ice ridges, and ice-
produced forces which could affect the site. If feasible, conduct an independent analysis of the
ice flooding hazard by using independent data and assumptions.

2.5.4.8 Flood Protection Requirements

Compare the estimated DBF level (both SAR and any independent estimates) with the locations
and elevations of safety-related components to confirm whether flood protection is necessary,
and if so, towhat levels. If flood protection is necessary, review the facility flood design basisfor
compatibility with the positionsin Regulatory Guide 1.59. Use Regulatory Guide 1.102 for
guidance on appropriate flood protection measures which must protect against both static and
dynamic flooding effects. Review the SAR for flood protection measures based on standard
engineering practice, such asthat developed by the Army COE, in positive flood control and
shoreline protection.

2.5.4.9 Environmental Acceptance of Effluents

Evaluate scenarios for routine and accidental releases to ensure consideration of worst-case
releases of radionuclides into surface water or groundwater. Examine the physical parameters
used in calculating the transport paths and times of liquid effluent between the release point and
receptors downstream or downgradient. Confirm that mathematical models used to analyze flow
and transport have been verified by field data and have used conservative input parameters. Site-
specific data sources used in modeling the transport of radionuclides through water should be
adequately described and referenced.

Use independent data and assumptions to the extent possible to assess the transport capabilities
and potential contamination pathways of the surface water and groundwater environments.
Focus this independent assessment on transport to existing and possible future water users under
both normal and accident conditions. Use NUREG-0800, Section 2.4.13(111) for its descriptions
of smplified calculational procedures for models used to assess effluent transport through
surface water and groundwater.

2.5.5 Subsurface Hydrology

Review the descriptions of hydrogeologic units beneath the site. For each hydrogeologic unit,
ensure proper representation of potentiometric level, hydraulic gradient and conductivity,
effective porosity, storage coefficient, recharge and discharge areas, and potential for
groundwater flow reversal. For the water table aquifer, ensure that seasonal fluctuationsin the
water level have been conservatively bounded. Compare the SAR chemical analyses, including
major ions, pH-Eh values, and presence of radionuclides, with analyses obtained independently.
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Review the information on existing groundwater use, such as withdrawal points, pumping rates,
source aquifers, and drawdown. Use reports by the USGS or a State geological survey in
reviewing site hydrogeology and water withdrawal downgradient of the site.

Review the analysis of the potential effects of the facility on any groundwater recharge areas
within the site, including dewatering during construction. Ensure that this analysis uses
conservative assumptions and input values. Confirm that estimated groundwater withdrawal
volumes during facility operation are conservative and that drawdown or other effects on the
aquifer(s) are addressed.

Review the transport characteristics of aquifers which are subject to radionuclide contamination.
Ensure that contamination pathways are adequately described and that models and codes used to
predict radionuclide migration are appropriate for the site. Ensure that potential future
groundwater uses are conservatively estimated. If warranted, conduct an independent analysis of
radionuclide migration by using an alternative transport model or independent data.

2.5.6 Geology and Seismology

The reviewer should use the methods stated below to perform the compliance review of the
geology and seismology information in the SAR.

2.5.6.1 Basic Geologic and Seismic Information

Verify the documentation of the results from all independent surveys, geophysical studies,
borings, trenches, and other investigations. Consider descriptions of techniques, graphic logs,
photographs, laboratory results, and identification of principal investigators. Consider references
to published reports, dissertations, and personal communications. Review both the reports cited
inthe SAR, aswell as other relevant reports on local geology.

Review the SAR discussion of basic site characteristics which may be problematic in siting an
ISFSI, such as high seismic activity or recent volcanic activity. Scrutinize any SAR statement
that the presence of unstable geologic characteristics will not have a deleterious effect on the
facility or that their effects are within the design bases of all facility components important to
safety.

Examine the geologic maps, cross-sections, and stratigraphic columns provided in the SAR. For
each lithologic unit, review the origin, unit thickness, physical characteristics, minera
composition, and degree of consolidation. Use the summary logs of borings, excavations, and
trenchesin reviewing lithology. Compare the geologic map for the site area with other available
published maps. If the SAR interpretations differ substantially from published literature, ensure
that the differences are noted and that the SAR interpretations are adequately justified. Review
the bedrock contour map to confirm that all relevant structural features are accurately
represented. Review the description of the site geomorphology to ensure that all significant
landforms, including the geologic processes which engendered them, are properly described.
Ensure that all locations of potential landsliding, subsidence, or uplift resulting from natural or
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anthropogenic processes have been identified, and that any associated hazards have been
evaluated.

Review the results of any geophysical surveys, with particular attention to the methods by which
the datawere gathered. Compare the interpretations of stratigraphy and structures with other
cross-sections. Require that discrepancies be explained. Examine any values of compressional
and shear wave velocities for reasonableness.

Review the plan showing the locations of all major features of the facility, aswell as the locations
of all borings, trenches, and excavations. Examine the cross-sections showing the relationships
of engineered structures to subsurface material. Ensure that the water table (and fluctuation
range) is represented accurately and that groundwater can not have an adverse effect on these
structures. Review the profile drawings showing the extent of excavation and backfill, aswell as
the compaction criteriafor the engineered backfill. Ensure that compaction criteria meet
appropriate engineering standards. Determine whether the SAR conservatively evaluates the
effects of deformation zones such as shears, joints, fractures, faults, or folds on structural
foundations. Ensure that ateration zones, irregular weathering profiles, and zones of structural
weakness composed of crushed or disturbed materials have been addressed in terms of
engineering geology.

Examine the tabulation of the static and dynamic engineering soil and rock properties of the
various materials underlying the site, including grain size classification, Atterberg limits, water
content, unit weight, shear strength, relative density, shear modulus, Poisson’ s ratio, bulk
modulus, damping, consolidation characteristics, seismic wave velocities, density, porosity,
strength characteristics, and strength under cyclic loading. Ensure that the data are substantiated
with appropriate representative laboratory test records. Give extra attention to mechanical
properties of aquifer materials and any fine-grained materials associated with the uppermost
confined or semi-confined aquifer. Scrutinize any site materials which may have an adverse
response to seismic shaking, as well as any rocks or soils which may be unstable because of their
mineral composition, lack of consolidation, or water content. For those which may respond
adversely to seismic shaking, ensure that conservative estimates are used for seismic response
characteristics, such as liquefaction, thixotropy, differential consolidation, cratering, and
fissuring. Review the SAR for inclusion of available data on the behavior of site geologic
materials during previous earthquakes. Review the analytical techniques and safety factors used
in evaluating the stability of foundations for all structures and embankments under normal
operating and extreme environmental conditions.

2.5.6.2 Ground Vibration

Examine the maps of earthquake epicenters and faults in the region. Confirm that the epicenter
map adequately represents the locations of the tabulated historical earthquakes. Ensure that the
earthquake tabulation comes from a credible source; compare it to an alternate earthquake catalog
if available. Confirm that sound practices are used in estimating the magnitudes of historical
earthquakes which pre-dated seismological instrumentation. Consider differencesin soil and
bedrock properties between the site and the |ocation where earthquake intensity was reported.
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Review the descriptions of any capable faults, including length, relationship to regional tectonic
structures and the regional stress regime, and the nature and amount of the maximum
displacement per event during the Quaternary. Ensure that suitable methods, such as those
outlined by Slemmons (1977), determined fault capability. Ensure that fault studies used
photogeol ogic work and field investigations. Compare SAR findings to any alternative published
interpretations. Review any justification of non-capability for any fault within 161 km (100 mi)
of the site which, if it produced its maximum magnitude earthquake at its closest distance to the
site, would produce site ground accel eration greater than or equal to the design value. Confirm
that field investigations and conservative assumptions justify the classification of such fault as
non-capable. Use trench excavationsin determining capability if afault isoverlain by Late
Pleistocene sediments.

Review the SAR calculation of the ground motion design basis value as defined by a response
spectrum corresponding to the peak horizontal ground acceleration (PHA). A standardized
design basis earthquake described by an appropriate response spectrum anchored at 0.25 g may
be used for the site if it meetsthree criteria: 1) located east of the Rocky Mountain front, 2) not in
aseismicaly activeregion (e.g., New Madrid, MO; Charleston, SC; or Attica, NY), and 3) not
subject to ground motion above 0.2 g (per an appropriate response spectrum) as shown by
reconnaissance investigation. Alternatively, for sites meeting the three criteria, the procedures of
10 CFR Part 100, Appendix A may be used to identify design basis values. Follow the
proceduresin 10 CFR Part 100, Appendix A, to derive the ground motion design basis value if
the site does not meet these three criteria.

Review the ground motion value derived from Appendix A methods by using the following
procedures. Ensure that all capable faults have been considered as seismic sources, with the
maximum magnitude earthquake occurring on the fault at its nearest approach to the site. Ensure
that the maximum magnitude event is based on an accepted fault length-magnitude relationship,
such as Slemmons et a. (1982) or Bonillaet a. (1984). Use awidely accepted attenuation model
such as Campbell and Bozorgnia (1994) to ensure that the peak ground acceleration at the Siteis
calculated from the earthquake magnitude and the site-to-source distance. Ensure that the SAR
analysis considered an FE, that it based the FE magnitude on the seismological history of the
tectonic province, and that it used 15 km as the site-to-source distance for calculating ground
acceleration at the site. Ensure that the SAR considered adjacent provinces and their
characteristic FEs if the site is near atectonic province boundary. Ensure that the site-to-source
distance for aFE in an adjacent province is 15 km or the closest approach of the province to the
site, whichever isgreater. (Note: Reviewers should be aware of proposed changesto 10 CFR Part
100. The earthquake which engenders the greatest peak ground acceleration at the siteisthe
design basis earthquake. Presently, Appendix A methodology assigns a site being evaluated a
design basis earthquake (DBE) equal to the SSE for a nuclear power plant in the same location.)

Ensure that site-specific response spectrum used to derive PHA from the DBE considers the
specific engineering properties of the material underlying the site, including seismic wave
velocities, density, water content, porosity, and strength. Ensure that the design criteriain SAR
Chapters 3 and 7 consider the design ground motion value.
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2.5.6.3 Surface Faulting

Review the evaluation of tectonic structures underlying the site. Consider whether boreholes or
geophysical surveyswere used to reveal buried structures. Determine the need for geophysical or
other studies to establish the presence or absence of such structuresif local geology
investigations provide some evidence that buried, potentialy active structures may underlie the
site. Ensure that the evaluation of onsite structures considers the effects of man’s activities, such
as mining activity, loading effects from dams or reservoirs, and pumping fluids out of or into the
subsurface, and the proclivity of faultsto dip. Confirm that all faults more than 300 m (1000 ft)
long and passing within 8 km (5 mi) of the site have had their capability assessed. Examine these
assessments to ensure that the conclusions are based on sound geologic principles and practices,
and in cases where capability remains equivocal, a preponderance of the available geologic
evidence. Review the information provided on fault length and relationship to regional tectonic
structures, the nature and amount of Quaternary displacement, and the magnitude of the
maximum Quaternary displacement event for those faults which are deemed capable. Ensure
that the outer limits of the fault or fault zone have been identified along the trace 16 km (10 mi) in
either direction of the point where the fault makes its closest approach to the site. Ensure that
any fault displacement, if the siteis subject to surface faulting, does not exceed the design
criteria. Require alarge safety margin if critical facilities are to be located in areas subject to
displacement because fault displacement is a difficult phenomenon to assess.

2.5.6.4 Stability of Subsurface Materials

Review the description of geologic features to ensure that no natural features which could affect
foundation stability during ground shaking have been overlooked. Examine the tabulations of
the physical and engineering properties for the foundation materials underlying the site. Ensure
that foundation material propertiesinclude grain size classification, consolidation characteristics,
water content, Atterberg limits, unit weight, shear strength, relative density, shear modulus,
damping, Poisson’ sratio, bulk modulus, strength under cyclic loading, seismic wave velocities,
density, porosity, and strength characteristics. Compare selected values against representative
laboratory test results to confirm the accuracy of the values of selected properties.

Examine the plans and profiles of the locations of investigative studies and facility structures.
Confirm that the plansinclude all appropriate boreholes, trenches, etc. Ensure that the profiles
accurately show the relationships between structure foundations and subsurface materials and the
groundwater and engineering characteristics of the subsurface materials. Review the plansand
profiles which show excavation and backfill activity to ensure that compaction criteriaare
substantiated with representative laboratory or field test records. Examine the tables and profiles
of the compressional and shear wave velocities in the soil and rock beneath the site. Ensure that
these data were gathered by appropriate methods. Examine any graphic logs of boreholes,
trenches, or other excavations for accuracy. Ensure that the analyses of the soil and rock
responses to dynamic loading are conservative.

Review the discussion of liquefaction potential of material beneath the site. Conduct an
independent analysis to verify a claim that liquefaction-susceptible soils are absent beneath the
site. Thereviewer should ensure that the discussion of soil zones with the potential for
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liquefaction includes relative density, void ratio, ratio of shear stressto initial effective stress,
number of load cycles, grain size distribution, degrees of cementation and cohesion, and
groundwater elevation fluctuations.

Ensure that the analysis for soil stability uses the appropriate response spectrain determining the
design ground motion from the DBE. Ensure that the static analyses address settlement and
lateral pressures and are accompanied by representative laboratory data. Review the
specifications for any techniques, such as grouting, vibraflotation, rock bolting, or anchors,
required to improve unstable subsurface conditions. Ensure that designs follow proper
engineering standards. Examine the safety factors and the criteria, references, or methods of
design used in ensuring that the facility can withstand seismic ground motion and surface
faulting.

25.6.5 Slope Stability

Examine the slope cross-section drawings for accuracy. Review the static and dynamic
properties of the embankment and foundation soil and rock beneath the slope to ensure that the
values are reasonable and substantiated with representative laboratory test data. Ensure that
stability assessments address the potential effects of erosion, deposition, and seismicity, either
individually or in combination. Ensure that erosional processes discuss sheet and rill flow, mass
wasting, and valley widening. Ensure that the compaction specifications are based on
representative laboratory analyses. Review the logs of core borings and test pits taken in these
areas for any proposed borrow areas. Ensure that the analyses supporting the slope and erosional
stability findings use conservative methods and assumptions.

2.6 Evaluation Findings

Prepare evaluation findings on compliance with SRP Section 2.1 review objectives and Section
2.3 regulatory requirements on site characteristics. Use the following statements (or similarly
phrased statements) of findings if the documentation submitted with the application, including
the SAR and the ER, fully supports positive findings for each of the regulatory requirements
(finding numbering is for convenience in referencing within the FSRP and SER):

F2.1 The SAR provides an acceptable description and safety assessment of the site on
which the [ISFSI/MRS] is to be located, in accordance with 10 CFR 72.24(a).

F2.2 The proposed site complies with the criteria of 10 CFR 72 Subpart E, as required
by 10 CFR 72.40(8)(2).

Communicate to the NRC project manager the inadequaciesin the site characterization, the

reasons for an inability to make fully positive findings, and the additional information, analyses,
or design changes which must be provided to NRC before the review can continue.
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3 OPERATION SYSTEMS
3.1 Review Objective

The objective of this chapter isto evaluate for clarity and completeness the description of all
operations, including systems, equipment, and instrumentation, particularly asthey relate to
handling and storage of spent fuel or solidified high-level waste, confinement of nuclear material,
and management of expected and potential radiological dose. Sufficient detail should be
provided to ensure that reviewers can understand the operations and the operations’ effects on
the design evaluations. Safety features required to maintain the installation in a safe condition
should be described; however, evaluation of those features should be performed in the
appropriate technical sections.

Figure 3.1 presents an overview of the operation systems evaluation process. The figure shows
that this review process draws on information in the application and the regulatory requirements.

3.2 Areasof Review

The following outline shows the areas of review addressed in Section 3.4, Acceptance Criteria,
and Section 3.5, Review Procedures:

Operation Description

Spent Fuel and High-Level Waste Handling Systems
Other Operating Systems

Operation Support Systems

Control Room and Control Area

Analytical Sampling

Shipping Cask Repair and Maintenance

Pool and Pool Facility Systems

3.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information [Contents of SAR]
(b) “ A description and discussion of the ISFSI or MRS structures.”
(f) “Features of ISFSI or MRS design and operating modes to reduce ... radioactive waste
volumes.”
(1) “A description of the equipment ... to maintain control over radioactive materialsin
gaseous and liquid effluent.”
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(@) “The application ... meetsthe ... requirements ... and...”
(5) “Proposed operating procedures ... protect health and minimize danger.”
(13) “There is reasonabl e assurance that:
(i) The activities ...can be conducted without endangering the health and safety ...
and
(i1) these activitieswill be conducted in compliance with the applicable
regulations.”

72.44 License Conditions.

(c) “Technical specifications must include...”

(2) “Functiona and operating limits and monitoring instruments and limiting control settings.”
(2) “Limiting conditions.”

(3) “Surveillance requirements.”

72.104 Criteriafor radioactive materials in effluents and direct radiation...

(b) “Operational restrictions must be established to meet [ALARA] objectives...”

(c) “Operational restrictions must be established for radioactive materialsin effluents and direct
radiation levels...”

72.122 Overdl requirements.

(f) “ Testing and maintenance of systems and components.”

(h) “Confinement barriers and systems.”

(i) “Instrumentation and control systems.”

()) “Control room or control area of the ISFSI or MRS under off-normal or accident conditions.”
(k) “Utility or other services.”

() “Retrievability.”

72.124 Criteriafor nuclear criticality safety.
(c) “Criticality Monitoring.”

72.126 Criteriafor radiological protection.
(b) “Radiological alarm systems.”

(c) “Effluent and direct radiation monitoring.”
(d) “Effluent control.”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.

(@) “ Spent fuel and high-level radioactive waste storage and handling systems.”

(1) “A capability to test and monitor components important to safety.”

(2) “ Confinement structures and systems.”

72.150 Instructions, procedures, and drawings.
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A matrix which shows the primary relationship of these regulations to the specific areas of review
associated with this Standard Review Plan (SRP) chapter isgivenin Table 3.1. The NRC staff
reviewer should verify the association of regulatory requirements with the areas of review
presented in the matrix to ensure that no requirements are overlooked as aresult of unigue
applicant design features.

3.4 Acceptance Criteria

This section identifies the acceptance criteria used for the operation systemsreview. Information
on systems may be fully described functionally at the Safety Analysis Report (SAR) chapters
oriented on physical design and specific safety-related functions (such asinstallation and
structural design, thermal, criticality, and confinement), since detailed information need only be
included once in the SAR. The primary purpose of this chapter isareview of the functional
description of the systems operations, flowsheets showing sequences of operations and controls,
and drawings showing proper functioning of each system. Additional description of the
information that should be in the SAR is provided for each of the review areas.

3.4.1 Operation Description

Operation description relates to the overall storage functions and operation of the installation.
The applicant should provide an overview of operations. Acceptable criteriafor operation system
descriptions are given in NUREG-1536, Chapter 8, Section 1V, items 1 through 6.

3.4.2 Spent Fuel and High-Level Waste Handling Systems

The regulatory requirements givenin 10 CFR 72.124, 10 CFR 72.128, 10 CFR 72.150, and

10 CFR 72.166 address the information to be included in alicense application. The SAR should
include information as described in Regulatory Guide 3.48 Section 5.2 on spent fuel (and
high-level wasteif for an MRS) handling systems. The descriptions of the spent fuel or high-level
waste handling systems must be clear. The functions of transfer from transportation vehicles,
receipt inspection, and initial decontamination should be addressed if the operations are
performed independently of a 10 CFR 50 licensereview. The transfer facility and its use should
be described, including its use during the stages of operation of the ISFSI. Spent fuel and high-
level waste handling systemsin a pool facility used for wet transfer is addressed in afollowing
section.

3.4.3 Other Operating Systems
The scope of this section is taken to be all operating systems important to safety that are not
covered in Sections 3.4.1 (Operation Description) and 3.4.2 (Spent Fuel and High-Level Waste

Handling Systems) except that instrumentation and controls are covered in 3.4.4 and analytical
sampling is covered in 3.4.6. “Other operating systems’ and “auxiliary systems’ that are
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Table 3.1 Relationship of Regulationsand Areas of Review

Areas of
Review

10 CFR Part 72 Regulations

72.24

72.40

72.44

72.10
4

72.12
2

72.12
4

72.12
6

72.12

72.15

72.166

Operation
Description

Spent Fuel and
High-Level
Waste
Handling
Systems

Other
Operating
Systems

Operation
Support
Systems

Control Room
and Control
Area

Analytica
Sampling

Shipping Cask
Repair and
Maintenance

Pool and Pool
Facility
Systems

important to safety should be as described in Regulatory Guide 3.48 Sections 4.3 and 5.3 and
noted in the narrative descriptions or flowcharts describing the operation of the ISFSI. 10 CFR
72.122 requires that the SAR include clear descriptions of the systems and system equipment and
controls used to assure safety. These items must be consistent with other parts of the SAR.

Examples of “other operating systems” that may be classified asimportant to safety include

ventilation and off-gas systems, electrical systems, air supply systems, steam supply and

distribution systems, water supply systems, fire protection systems, air sampling systems,
decontamination systems, and systems related to chemical hazards.
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3.4.4 Operation Support Systems

10 CFR 72.122 requires that the SAR include information on operation support systems,
primarily instrumentation and control (I& C) systems and component spares or alternative
equipment. These items should be as described in Regulatory Guide 3.48 Section 5.4. This
information should include an analysis or other acceptable basis for determination that operation
support systems important to safety remain operational under accident-level conditions. The
SAR should include clear descriptions of the operation support systems and descriptions of
eguipment and controls used to assure safety, which are consistent with other parts of the SAR.

3.4.5 Control Room and Control Area

10 CFR 72.122 requires that the SAR include a discussion of how a control room and control
room areas permit the installation to operate safely under normal, off-normal, and accident
conditions. The SAR should include clear descriptions of the control room and control area.

The NRC has accepted omission of a control room for ISFSI operations that have not involved
control of operations within a pool or use of a powered cooling system for material in storage. A
control room and redundancy for control of functions important to safety in a separate control
areais acceptable for ISFS| with pool facilities.

3.4.6 Analytical Sampling

The SAR should include a discussion of the provisions for obtaining samplesfor anaysis
necessary to ensure that the ISFSI is operating within prescribed limits. The SAR should include
adescription of the facilities and equipment available to perform the required tests.

3.4.7 Shipping Cask Repair and Maintenance

The SAR should contain a description of the shipping cask repair and maintenance facilities. The
operation of these facilities, including provision for contamination control and occupational
exposure minimization, should also be included. Note that the ownership, maintenance, and use
of a shipping cask for shipping nuclear material by an ISFSI or MRS licensee is governed by the
requirements of 10 CFR 71 only.

3.4.8 Pool and Pool Facility Systems

For ISFSI or MRS with a pool, the pool facility and the associated equipment constitute the
principal capability for handling the subject radioactive material outside its storage confinement
barrier or with that barrier open. The SAR should include clear descriptions of the pool and pool
facility systems and descriptions of pool facility equipment and controls used to assure safety,
which are consistent with other parts of the SAR. Section 9.1.2 of NUREG-0800 presents pool
and pool facility systems requirements for a 10 CFR 50 license and should be used as guidance in
the design of a10 CFR 72 facility. Because apool facility used only for wet transfer presents
unigue requirements, specific criteriaare not provided.
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The NRC accepts pool facilitiesfor licensing under 10 CFR 72 if those facilities meet the
requirements for nuclear power plants licensed under 10 CFR 50.

3.5 Review Procedures

The following provides review guidance relevant to the operation systems evaluation. This
review is oriented on functions and the compatibility of proposed systems with performance of
those functions. Since the NRC does not review and approve procedures, the review of the
descriptions of functions constitutes the principal basis for assessing the assurance provided by
the submitted documentation. Reviewsin other FSRP sections determine quantitative functional
performance for functional and structural performances.

3.5.1 General Operating Functions

Review the description of operating functions for completeness. The reviewer should compare
the functions with descriptions included in other licensing documentation to confirm
acceptability. If aprevioudly certified cask design is used, the functions described in the SAR
under review should be checked for compatibility with those functions that were included in the
SAR for the certified cask.

Acceptance of the description of general operating functions can be based on information
provided in the flowsheets and narrative descriptions of steps. The reviewer should ensure that
the applicant has fully described the appropriate procedures, equipment involved, and personnel
requirements. Review procedures can be found in the next-to-the-last paragraph of the NUREG-
1536, Chapter 8, Section V introduction which precedes subsection 1 (Cask Loading).

3.5.2 Spent Fuel and High-L evel Waste Handling Systems

Review procedures for spent fuel handling systems are given in the NUREG-1536, Chapter 8,
Section V, items 1, 2, and 3. A review for handling high-level waste follows the same procedure.
Because the spent fuel and high-level waster handling systems have many interfaces with other
systems of the facility, verify that these interfaces are addressed and that continuity of operations
can occur under all operational conditions.

3.5.3 Other Operating Systems

For systems that are important to safety, review the description of the location of the various
systemsin relationship to their functional objectives. Verify that provisionsfor coping with
unscheduled occurrences have been described so that a single failure within one of the auxiliary
systemswill not result in arelease of radioactive material. The reviewer should evaluate the
systems to ensure that the design includes performance under normal operating loads,

loading situations resulting from primary failure and/or accident conditions, and loading
situations required for the safety of a shutdown operation. If asystem requires atechnical
specification, verify that it has been included in the SAR.
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3.5.4 Operation Support Systems

Review the descriptions of the 1& C systems for adequacy of definition of their function.
Systems that are important to safety should describe all major components, operating
characteristics, locations of sensors and alarms, threshold levelsfor 1& C that produce alarms,
automatic and manual control actions to be triggered, and safety criteria. The NRC has accepted
omission of instrumentation and monitoring for passively cooled welded-closure storage casks if
aperiodic check for air cooling effectivenessisincluded as atechnica specification.

Consider the projected accident-level and off-normal events (addressed at FSRP Chapter 15) and
therolesthat the 1& C hasin avoiding or mitigating significant radiological consequences of those
events. Verify that consideration has been given to the redundancy required to ensure safe
operation or safe curtailment of operations under accident conditions. Verify that spare or
aternative instrumentation, if provided, has been designed to ensure safe functioning.

Review proposed technical specifications that include reliance on an 1& C system performance.
3.5.5 Control Room and Control Area

Review the control room and control area functions, equipment, instrumentation and control
links, and staffing for consistency and appropriateness for the intended functional control and
safety roles. Information on these different aspects of the control room/area may be at various
locations within the SAR.

The explanation for omission of acontrol (and/or monitoring) room/area should be provided.
For example, explanations may include: adescription of functions and procedures (flowsheets
and narrative descriptions) that provide for performance without need for a centralized control
room, the acceptability of accident-level and off-normal event and condition analyses that show
acceptable levels of maximum response and safety without use of a control room, and/or the
desirability that damage avoidance and mitigation be based on passive measures to the extent
feasible.

3.5.6 Analytical Sampling

The review of the analytical sampling operation should verify that the types of samples and rate
of sampling are appropriate for the condition being monitored. Provisions should be included for
obtaining samples during off-normal conditions to ensure that prescribed limits have not been
exceeded. The SAR should describe the facilities and equipment that will be available to perform
the analyses. Disposition of laboratory wastes should aso be described.

The review should compare the proposed analytical sampling operations with those of existing

facilities for reasonableness as documented in FSAR that cover similar facilities and prior license
applications.
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3.5.7 Shipping Cask Repair and Maintenance

The principal concern for review of any shipping cask repair capability incorporated into the
ISFSI or MRS isthat the applicant recognizes the need for receiving and inspection of loaded
shipping casks and shipping cask decontamination. If arepair capability isto be provided on-site
for repair of storage confinement and on-site transfer casks, the skills and equipment necessary
for shipping cask repair will probably also exist.

The status of the pool facility may be one of several possibilities: (1) the pool facility may be a
new facility to be licensed under 10 CFR 72, (2) the pool facility may be licensed under a 10 CFR
50 license which is being terminated and atransfer to 10 CFR 72 is being requested, or (3) the
pool facility may exist under DOE ownership, and NRC licensing under 10 CFR 72 isbeing
requested.

If the pool facilities are to be built, the functions and various systems should reflect NRC and
industry standards for pool facility design and use. The reviewer should compare the
descriptions of functions and the structures, systems, and components (SSCs) to support those
functions with descriptions of existing pool facilities and associated FSARs. Basesfor significant
discrepancies between functions and/or equipment used to perform the various functions should
be provided.

If the review isto include approval of an existing licensed pool facility, the reviewer should
review and compare descriptions of functions and component SSCsin the FSAR, NRC staff and
field inspector reports on operations of the pool facility, and any finding associated with the
facility or with the proposed use of the pool facility.

If the pool facility exists but is unlicensed, review the suitability of the design and systemsfor the
proposed functions and the acceptability of the described functionsto permit licensing under 10
CFR 72. Review proposed modifications of the facility with the reviewer for structural
evaluation. Compare the proposed functions and supporting SSCs with pool facilities used at
nuclear power plants to assist confirmation that the design and functions are compatible.

3.6 Evaluation Findings

NRC staff reviewers prepare evaluation findings regarding satisfaction of the regulatory
requirements related to operations systems. |If the documentation submitted with the application
fully supports positive findings for each of the regulatory requirements, then the findings should
substantially be stated as follows (finding numbering isfor convenience in referencing within the
SRP and Safety Evaluation Report [SER]):

F3.1 [If applicable] The [ISFSI/MRS] isto be located on the same site as another
facility licensed by the NRC. Potential interactions between these facilities and
the [ISFSI/MRS] have been evaluated, in accordance with 10 CFR 72.24(a) and
72.40(a)(3) and have been determined to be acceptable and pose no undue risk to
any of thefacilities.
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F3.2

F3.3

F3.4

F3.5

F3.6

F3.7

F3.8

NUREG-1567

The SAR includes acceptabl e descriptions and discussions of the projected
operating characteristics and safety considerations, in compliance with 10 CFR
72.24(b).

The SAR provides reasonable assurance that the activities to be authorized by the
license can be conducted without endangering the health and safety of the public
and will be in compliance with the applicable regulations of 10 CFR 72.40(a)(13).

[One of the following, as appropriate] The design of the [ISFSI/MRS] provides
for an acceptable [control room/control area] as part of the facilitiesto be built, in
compliance with 10 CFR 72.122(j). - or -

The operating procedures and schedule for operations for the [| SFSI/MRS]
acceptably provides for control during storage operations to be accomplished
from the security/monitoring/surveillance office facility and for control during
loading, transfer, and unloading operations to be from temporary control facilities,
for which there are acceptable provisionsincluded in the design. Thisis
considered to acceptably comply with 10 CFR 72.122(j). - or -

The [ISFSI/MRS] isto belocated on asite with existing facilities suitable and
availablefor control of [ISFSI/MRS] operations under off-normal or accident
conditions, whose use will not interfere with other operations on the site important
to safety, in compliance with 10 CFR 72.40(a)(3) and 72.122()).

The proposed [ISFSI/MRS] facilitiesinclude the following utility service systems
[identify]. [If appropriate] The following utility service systems are important to
safety: [identify]. The [ISFSI/MRS] design provides for redundant systemsto the
extent necessary to maintain, with adequate capacity, the ability to perform safety
functions assuming a single failure; in compliance with 10 CFR 72.122(k)(1).

The proposed design of the [ISFSI/MRS] emergency utility services acceptably
permits testing of the functional operability and capacity of each system and
permits operation of associated safety systems, in compliance with 10 CFR 72.122

(k)(2).

The proposed design of the [ISFSI/MRS] includes the following systems and
subsystems which require continuous electric power to permit continued
functioning of al systems essential to safe storage: [identify]. Thedesign
of the [ISFSI/MRS] acceptably provides for timely emergency power for these
systems and subsystems, in compliance with 10 CFR 72.122(Kk)(3).

The descriptions of the proposed [ISFSI/MRS] functions and operating systems
with regard to retrieval of stored radioactive material from storage, in normal,
off-normal, and accident conditions are acceptable and comply with 10 CFR
72.122(1).
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F3.9 Acceptable capability to test and monitor components important to safety are
provided in the design and procedures for the [ISFSI/MRS], in compliance with
10 CFR 72.128(a)(1).

If the design of the confinement cask system has been previously certified under 10 CFR
72 Subpart L, the following eval uation finding statements would also be appropriate:

F3.10 The proposed [ISFSI/MRS] uses a cask system that has been previously certified
by the NRC.

3.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.
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4 SSC AND DESIGN CRITERIA EVALUATION
4.1 Review Objective

The objective of the review isto ensure that the applicant acceptability defines: (1) the limiting
characteristics of the spent fuel or other high-level radioactive waste materials to be stored, (2)
the classification of structures, systems and components (SSCs) according to their importance to
safety, and (3) the design criteriaand design bases, including the external conditions during
normal and off-normal operations, accident conditions, and natural phenomena events.

Figure 4.1 presents an overview of the SSC and design criteriaevaluation process. Thefigure
shows that this review process draws on information in the application and the regul atory
requirements.

4.2 Areasof Review

The following outline shows the areas of review addressed in Section 4.4, Acceptance Criteria,
and Section 4.5, Review Procedures:

Materials to be Stored
Spent Fuel
High-Level Radioactive Waste

Classification of Structures, Systems, and Components

Design Criteriafor SSCs I mportant to Safety
Genera
Structural
Thermal
Shielding and Confinement
Criticality
Decommissioning
Retrieval

Design Criteria for Other SSCs

4.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches

the regulatory requirements identified in this section to the areas of review identified in the
previous section.

4-1 NUREG-1567



SECTION 4

e e —

uolrenen el 1D ubisaq pue DOSS JO MBIABAQ T 84nBi4

<__

uoirenfeay
elIRIID UBSBQ
pue 0SS

sjuawe Jinbay suolre edQ pasodo id
2/l 1ed 440 0T alis swesASs1UBUOdWOoD

SSC AND DESIGN CRITERIA

MBINSY UOITeW JoJu| [e BURS

72.2 Scope
NUREG-1567



SECTION 4 SSC AND DESIGN CRITERIA

(a) “Except as provided in Section 72.6(b), licenses issued under this part”
(1) “Power reactor spent fuel to be stored in acomplex”
(2) “Power reactor spent fuel to be stored in an [Monitored Retrievable Storage] MRS
owned by DOE”

72.3 Definitions

Structures, systems, and components important to safety
(1) “To maintain the conditions required to store spent fuel or high-level...”
(2) “To prevent damage to the spent fuel or high-level radioactive waste...”
(3) “To provide reasonabl e assurance that the spent fuel...”

72.6 License required; types of licenses
(b) “A general license...own spent fuel or high-level radioactive waste without regard”

72.24 Contents of application: Technical information
(c) “Thedesign of the [Independent Spent Fuel Storage Installations] ISFSI or MRS in sufficient
detall ... including:”
(1) “Thedesign criterid’
(2) “The design bases and the relation of the design bases to design criteria”
(4) “Applicable codes and standards.”
(n) “The description must identify the structures, systems and components important to safety”

72.102 Geologica and seismological characteristics

(a) “East of the Rocky Mountain Front”

(b) “West of the Rocky Mountain Front”

(c) “Sites other that bedrock sites must be evaluated for their liquefaction”

(d) “ Site-specific investigations and laboratory analyses must show that the soil conditions’
(e) “In an evaluation of alternative sites, those which require a minimum of engineered”

(f) “The design basis earthquake (DE) for use in the design of structures must be”

72.104 Criteriafor radioactive materialsin effluents and direct radiation from an ISFSI or MRS
(a) “During normal operations and anticipated occurrences, the annual dose”

(b) “Operational restrictions must be established to meet as low asis reasonable’

(c) “Operational limits must be established for radioactive materials in effluents’

72.106 Controlled area of an ISFSI or MRS

(@) “For each ISFSI or MRS site, a controlled area must be established.”

(b) “Any individual located on or beyond the nearest boundary of the controlled area”
(c) “The controlled area may be traversed by a highway,”

72.120 General considerations

(8) “Pursuant to ... must include the design criteriafor the proposed storage installation”
(b) “The MRS must be designed to store either spent fuel or solid high-level radioactive wastes’
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72.122 Overal requirements
(@) Quality Standards. “SSCsimportant to safety must be designed, fabricated” (b) Protection
against environmental conditions and natural phenomena.
(1) “SSCsimportant to safety must be designed to ...postulated accidents.”
(2) “ SSCsimportant to safety must be designed to ... natural phenomena”
(i) “Appropriate consideration of the most severe of the natural phenomena’
(i) “ Appropriate combinations of the effects of normal and accident conditions’
“The ISFSI or MRS should also be designed to prevent massive collapse of building”
(4) “If the ISFSI or MRS islocated over an aguifer”
(c) Protection against fires and explosions. “SSCsimportant to safety must be designed”
(d) Sharing of SSCs. “SSCsimportant to safety must not be shared”
(e) Proximity of sites. “AnISFS| or MRS located near other nuclear facilities’
(f) Testing and maintenance of system and components. “Systems... to permit inspection”
(g9) Emergency capability. “SSCsimportant to safety must be designed for emergencies’
(h) Confinement barriers and systems.
(1) “The spent fuel cladding must be protected”
(2) “For underwater storage of spent fuel”
(3) “Ventilation systems and off-gas systems”
(4) “ Storage confinement systems must have...continuous monitoring”
(5) “The high-level radioactive waste...that allows handling and retrievability”
() Instrumentation and control systems. “Instrumentation and control systems...to monitor
systems’
(1) Control room or control area. “A control room or control area, if appropriate”
(k) Utility or other services.
(1) “Each utility service system must be designed to meet emergency conditions’
(2) “Emergency utility services must be designed to permit testing”
(3) “Provisions must be made... in the event of aloss of the primary electric power”
(4) “An ISFSI or MRS...may share common utilities and services’
(1) Retrievahility. “Storage systems must be designed to allow ready retrieval”

72.124 Criteriafor nuclear criticaity safety

(a) Designfor criticality safety. “Spent fuel handling,...be maintained subcritical”

(b) Methods of criticality control. “... the design of an ISFSI or MRS must be based”
(c) Criticality Monitoring. “A criticality monitoring system shall be maintained”

72.126 Criteriafor radiological protection.

(@) Exposure control. “Radiation protection systems must be provided for al areas’
(2) “Prevent the accumulation of radioactive material”
(2) “Decontaminate those systems to which accessis required”
(3) “Control accessto areas of potential contamination”
(4) “Measure and control contamination”
(5) “Minimize the time required to perform work in the vicinity of radioactive”
(6) “Shield personnel from radiation exposure.”

(b) Radiological alarm systems. “Radiological alarm systems must be provided”
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(c) Effluent and direct radiation monitoring
(1) “As appropriate for the handling and storage”
(2) “Areas containing radioactive materias’
(d) Effluent control. “TheISFSI or MRS must be designed to provide”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(@) Spent fuel and high-level radioactive waste storage and handling systems. “ Spent fuel
storage”
(1) “A capability to test and monitor components”
(2) “Suitable shielding for radioactive protection under normal and accident conditions”
(3) “ Confinement structures and systems’
(4) “A heat-removal capability having testability”
(5) “Means to minimize the quantity of radioactive wastes generated.”
(b) Waste treatment. “ Radioactive waste treatment facilities must be provided”

72.130. Criteriafor decommissioning
“The ISFSI or MRS must be designed for decommissioning”

72.144 Quality assurance program
(@) “...licensee shall identify the SSCsto be covered by the quality assurance program”
(c) “Thelicensee shall base the requirements...on the following considerations’
(2) “Theimpact of malfunction or failure of the item on safety;”
(2) “The design and fabrication complexity”
(3) “The need for specia controls’
(4) “The degree to which functional compliance can be demonstrated by inspection”
(5) “The quality history and degree of standardization of the item.”

72.182 Design for physical protection

“The design for physical protection must show the site layout and the design features...”
(a) “The design criteriafor the physical protection of the proposed ISFSI or MRS;”

(b) “The design bases and the relation of the design bases to the design criteria...”

(c) “Information relative to materials of construction...”

72.236 Specific requirements for spent fuel storage cask approval

(a) “ Specification must be provided for the spent fuel...”

(b) “Design bases and design criteria...”

(c) “ Spent fuel is maintained in a subcritical condition.”

(d) “Radiation sheilding and confinement must be provided.”

(e) “The cask must be designed to provide redundant sealing of confinement systems.”

(f) “The cask must be designed to provide adequate heat removal capacity without active
cooling....”

(9) “The cask must be designed to store the spent fuel safely for aminimum of 20 years....”
(K) “ The cask must be conspicuously and durably marked with:...”

(1) “The cask...must be evaluated...to demonstrate...confinement...under normal, off-normal, and
credible accident conditions.”
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A matrix that shows the primary relationship of these regulations to the specific areas of review
associated with this FSRP chapter isgivenin Table 4.1. The NRC staff reviewer should verify the
association of regulatory requirements with the areas of review presented in the matrix to ensure
that no requirements are overlooked as aresult of unique applicant design features.

Table 4.1 Relationship of Regulationsand Areas of Review

10 CFR Part 72 Regulations
Areas of Review 722 72.3 72.6 7224 | 7210 | 7210 | 7210 | 72.12
2 4 6 0
Material to be Stored 1 1 1 1
Classification of SSCs 1 1
Design Criteria of SSCs ' ' ' ' '
Important to Safety )
Design Criteria of SSCs 1

Table 4.1 Relationship of Regulationsand Areas of Review (continued)

10 CFR Part 72 Regulations

Areas of Review
72.12 | 72.12 | 72.126 | 72.12 72.13 | 72.14 | 72.18 72.23

2 4 8 0 4 2 6
Material to be Stored 1
Classification of SSCs 1
Design Criteriaof SSCs . ' 1 1 1 1 1 1
Important to Safety
Design Criteria of SSCs

4.4 AcceptanceCriteria

This section identifies the acceptance criteria used for the various review areas. The acceptance
criteriaare based on regulatory requirements, Regulatory Guides, and staff judgments.

441 MaterialsTo Be Stored
4.4.1.1 Spent Fuel

The regulatory requirements givenin 10 CFR 72.2 (a)(1) and (a)(2) identify power reactor spent
fuel as material to be stored. 10 CFR 72.6 (b) states that the general license to store spent fuel or
high-level radioactive waste may be issued without regard to quantity. 10 CFR 72.120 (b)
discusses the acceptable form, i.e., solid fuel or high-level radioactive waste. The applicant must
provide information on the spent fuel to be stored including, but not limited to, reactor type (e.g.,
Boiling Water Reactor, Pressurized Water Reactor, etc.), fuel manufacturer and model
designation and number, fuel physical characteristics, fuel cladding material, thermal
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characteristics, radionuclide characteristics (e.g., gamma and neutron source terms), and history
and census, including burnup, initial enrichment, and cooling time. The applicant must also
provide information on the ranges of parameters of the spent fuel to be stored. Bounding
parameters for further fuel storage should be listed.

In the SAR, the applicant must specify if damaged fuel isto be stored at the ISFSI. Damaged

fuel should be canned for storage and transportation. The purpose of canning is to confine gross
fuel particlesto aknown, subcritical volume during off-normal and accident conditions, and to
facilitate handling and retrievability. Asproof that the fuel is undamaged, the applicant, at a
minimum, should review the fuel records and verify that the fuel was undamaged. Also, the
applicant should specify that prior to loading, the fuel assemblieswill receive an external visual
examination for any obvious damage. For fuel assemblies where reactor records are not
available, the applicant should provide alternate information which provides reasonabl e assurance
that the fuel is undamaged or that damaged fuel loaded in a storage or transportation cask is
canned in addition to the external visual examination for any obvious damage.

Rod cluster control assemblies, burnable poison (rod) assemblies, thimble plugging assemblies,
and primary and secondary source assemblies are materials associated with the storage of spent
fuel assemblies. Title 10, Code of Federa Regulations (10 CFR), Section 72.3, “ Definitions,”
states, “...Spent fuel includes the special nuclear material, byproduct material, source material,
and other radioactive materials associated with fuel assemblies.” The applicant should define the
range and types of spent fuel or other radioactive materials that the DCSS [dry cask storage
system] is designed to store. For DCSSs that will be used to store activated components
associated with a spent fuel assembly, the applicant should specify the types and amounts of
radionuclides, heat generation, and the relevant source strengths and radiation energy spectra
permitted for storagein the DCSS. Specifically, the applicant should describe:

C The design bases source term (radiological and thermal components). The source term
should be based on a saturation value for activation of cobalt impurities or on cobalt
activation from a specified maximum burn-up and minimum cool time. The applicant
should describe other activation products, as appropriate.

C The effects of gas generation must be considered in the design pressure for the cask,
including (1) the release of gas from additional components, and (2) the volume occupied
by additional components on the cask internal pressure.

C Additional weight and length of the proposed material must be considered in the
structural and stability analyses.

C The thermal analysis must consider (1) the added heat from these components, and (2)
the effects of heat transfer within and to/from the fuel assembly by the addition or
absence of these components. Thiswould ultimately affect the maximum predicted
cladding temperature.

C In terms of acriticality evaluation, absent direct physical measurements, the applicant
should not take credit for any negative reactivity from residual neutron absorbing material
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remaining in the control components. A bounding analysis would assume that no control
components are present. Credit for water displacement may be taken provided adequate
structural integrity and placement under accident conditionsis demonstrated. Also, the
applicant may need to consider the effects of displacing borated water, if applicable.

4.4.1.2 High-Level Radioactive Waste

The regulatory requirements given in 10 CFR 72.3 define high-level radioactive waste and 10
CFR 72.120 (b) establish that the spent fuel or solid high-level waste are the acceptable waste
forms. Liquid high-level radioactive waste is not acceptable for storage. Furthermore, if a pool
type facility is proposed, the solidified waste form shall be a durable solid with demonstrable
leach resistance. The applicant must provide information on the waste form, proposed storage
package, characteristics of any encapsulation material, radionuclide characteristics, heat
generation rate, and history and census. The Safety Analysis Report (SAR) must also include
both the ranges of parameters of the known material to be stored and the bounding parameters of
any additional materials that may be stored.

4.4.2 Classification of Structures, Systems, and Components

The applicant must identify all SSCsimportant to safety and provide arationale for the
identification. SSCs are classified into two broad categories: important to safety or not. The
NRC review involves both categories, however, SSCsimportant to safety are reviewed in greater
depth. Acceptance criteriafor classification of SSCsimportant to safety are discussed in 10 CFR
72.3,10 CFR 72.24 (n), and 10 CFR 72.144 (a) and (c).

The chapter on Installation Design and Structural Review discusses five areas of review which
generaly include SSCsidentified asimportant to safety. These areas of review are: confinement
structures, systems, and components; pool confinement facilities; and reinforced concrete
structures; other SSCsimportant to safety; and other SSCs subject to NRC approval. Similarly
the chapters on Thermal Evaluation, Radiation Shielding Evaluation, Criticality Evaluation,
Confinement Evaluation, Waste Confinement, Radiation Protection, and Decommissioning have
review areas that must be considered in identifying SSCs important to safety.

4.4.3 Design Criteriafor SSCsImportant to Safety
4.4.3.1 General

The regulatory requirements for design bases and general design criteriaare givenin 10 CFR
72.24 (c)(2), (c)(2), and (c)(4); 10 CFR 72.106 (a) and (c); 10 CFR 120 (&) and (b); 10 CFR 122 (a)
through (1); 10 CFR 72.144; and 10 CFR 72.182 (a), and (b). The applicant must identify design
criteriaand design bases for all SSCs determined to be important to safety. The basic design
criteriafor SSCswhich are important to safety shall: maintain subcriticality, maintain
confinement, ensure radiation rates and doses for workers and public do not exceed acceptable
levels and remain aslow asis reasonably achievable (ALARA), maintain retrievability, and
provide for heat removal (as necessary to meet the above criteria). Acceptance criteriafor the
specific design criteria are discussed in detail in each of the chapters.
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The principal design criteriaand bases should include the following items:

C Normal design conditions and parameters, including site-specific environmental
conditions such as ambient temperature, humidity, and insolation; and operational
parameters such as maximum load capacity of cranes and handling equipment; and
maximum dimensions of the casks or other critical equipment to be handled

C Off-normal design conditions and parameters, including site-specific environmental
conditions such as ambient temperatures and insolation, and operational parameters
which do not approach accident conditions

C Accident design events, including site-specific environmental conditions such as tornado
wind velocities, tornado pressure drop, maximum wind velocities, design basis
earthquake, peak explosive over pressure, peak flood elevation, and accident design
events such as maximum dose rates associated with hypothetical accidentsincluding a
cask drop or loss of pool coolant

Codes and standards and other detailed criteria applicable for ISFSI and MRS SSCs important to
safety are presented or referenced in the Standard Review Plan (SRP) chapters addressing
structural evaluation, thermal evaluation, shielding evaluation, nuclear criticality safety,
confinement, waste management and decommissioning.

The FSRP chapter on site evaluation addresses review of site characteristics that must be included
in design criteriaand bases for natural phenomena.

4.4.3.2 Structural

The regulatory requirements for structural aspects of SSCsimportant to safety are givenin 10
CFR 72.24 (c)(1), (c)(2), (c)(3), and (n); 10 CFR 72.102 (a), (b), (c), (d), (e), and (f); 10 CFR
72.120 (a) and (b); and 10 CFR 72.122 (&), (b)(1), (b)(2) and (b)(3), (c), (d), (f), (9), (h), (i), (j), and
(K).

The applicant must present the structural design criteria and design bases for the proposed | SFSI
or MRS. The structural design criteriaand bases presented by the applicant for an ISFSI or MRS
must address the design magnitudes of loads and limits derived from site characteristics and
analyses of normal, off-normal, and accident-level conditions. The design bases presented by the
applicant must include dead load, live load, lateral rail pressure, thermal loads, wind loads,
accident loads, earthquake loads, and flood loads. Design bases guidance for tornado protection
are given in Regulatory Guides 1.76, “Design Basis Tornado for Nuclear Power Plants,” and
1.117, “Tornado Design Classification.” Guidance for flood protection is given in Regulatory
Guides 1.59, “Design Basis Floods for Nuclear Power Plants,” and 1.102, “Flood Protection for
Nuclear Power Plants.” Guidance for protection against seismic eventsis given in Regulatory
Guides 1.29, “ Seismic Design Classification,” 1.60, “Design Response Spectrafor Seismic
Design of Nuclear Power Plants,” 1.61, “Damping Values for Seismic Design of Nuclear Power
Plants,” 1.92, “Combing Modal Responses and Spatial Components in Seismic Response
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Anaysis,” and 1.122, “Development of Floor Design Response Spectrafor Seismic Design of
Floor-Supported Equipment or Components.”

4.4.3.3 Thermal

The regulatory requirements relating to design bases and design criteriafor thermal
considerations are given in 10 CFR 72.122 (@), (b)(1), (b)(2) and (b)(3), (¢), (d), (), (9), (h), and
(); and 10 CFR 72.128 (a)(4). The applicant must identify thermal design criteriaand bases.
These criteria and bases must recognize the site temperature range and the specific materials used
in ISFSI or MRS components.

Another aspect of thermal design criteriaand design basesisfire protection. Guidance for fire
protection is given in Regulatory Guide 1.120, “Fire Protection Guidelines for Nuclear Power
Plants.”

4.4.3.4 Shielding and Confinement

The regulatory requirements for shielding and confinement are given in 10 CFR 72. 24 (¢)(1),
(©)(2) and (c)(4); 10 CFR 72.104 (a), (b), and (c); 10 CFR 72.106 (a), (b), and (c); 10 CFR 72.122
@, (b), (c), (d), (e), (), (9), (h), and (i); 10 CFR 72.126 (a), (b), (c) and (d); and 10 CFR 72.128
(a) and (b). The applicant must identify shielding and confinement design criteriaand design
bases. These criteria and bases should discuss any proposed compliance with Regulatory Guides
8.5, “Ciriticality and Other Interior Evacuation Signals;” 8.25, “Air Sampling in the Workplace;”
8.34, “Monitoring Criteria and Methods to Cal culate Occupational Radiation Doses;” and 1.143,
“Design Guidance for Radioactive Waste Management Systems, Structures, and Components
Installed in Light-Water-Cooled Nuclear Power Plants.”

4.4.35 Criticality

The regulatory design bases and design criteriafor criticality safety are givenin 10 CFR 72.124
(@), (b), and (c). The application must identify nuclear criticality safety design criteriaand design
bases. These criteria and bases should discuss any proposed compliance with Regulatory
Guides.

4.4.3.6 Decommissioning

10 CFR 72.130 outlines the regulatory requirements for decommissioning considerations. The
applicant must identify any decommissioning design criteriaand design bases. The application

must also discuss compliance with any relevant Regulatory Guides.

Planning for decommissioning and design guidance for facilitating decommissioning are
addressed in the FSRP chapter on decommissioning.
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4.4.3.7 Retrieval

Genera regulatory requirements for retrieval capability are givenin 10 CFR 72.122 (a), (b)(1),
(b)(2), and (b)(3), (c), (f), and (h). Retrievability is specifically outlined in 10 CFR 72.122 (). The
applicant must include design criteria and design bases for retrieval.

The design criteriaand bases for the ISFSI or MRS storage system must recognize the need for
facilities, equipment, and procedures for the removal of spent fuel or solidified high-level
radioactive waste from storage systems, and the transfer of this material into another storage
system or atransportation cask. The design developed in compliance with the criteria must be
ableto retrieve spent fuel or the solidified high-level waste following normal and off-normal
design conditions. Specific retrieval facilities, equipment, and procedures for post accident
conditions are not required to be described in the SAR because of the wide variety of possible
post-accident conditions that may occur.

The design must accommaodate the retrieval of spent fuel or solid HLW following design basis
accidents. The design and procedures for retrieval must be such that the operations can be
conducted in compliance with the requirements of 10 CFR Part 20.

4.4.4 Design Criteriafor Other SSCs

Design criteriaand bases for other SSCs not important to safety should meet the genera
regulatory requirements as givenin 10 CFR 72.24 (a), (b), (c), (d), (e), (f), (g), (h), (1), and the
appropriate requirements as given in 10 CFR 72, Subparts E and F.

The applicant must identify design criteria and bases for SSCs not important to safety. These
design criteriaand bases for ISFSI and MRS SSCs that are not important to safety may be
adequately defined by statementsin the SAR identifying the design codes and standards to be
met in design and construction. Greater definition istypically appropriate for SSCs that interface
with SSCsimportant to safety.

45 Review Procedures

The reviewer should compl ete the appropriate sections of Table 4.2 at the end of this Chapter.
The review includes evaluation of compliance with al regulatory requirements and acceptance
criteriagiven in the FSRP and other NRC documents, as well as accepted codes. NRC may
inspect various aspects of the ISFSI or MRS construction process during the SAR review.

45.1 MaterialsTo Be Stored

The reviewer should verify that the types of materialsto be stored comply with 10 CFR 72.2(a)(1)
and (8)(2), and 10 CFR 72.120(b). The reviewer should confirm that the SAR gives spent fuel or
high-level radioactive waste acceptance specifications, including upper or lower bound limits of
acceptable variability. The reviewer should verify that these acceptance specifications are
incorporated in the facility technical specifications. The reviewer should confirm that the SAR
givesthe criteriafor procedures for testing, inspecting, and verifying wastes received for storage
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at thefacility. The reviewer should verify that the SAR defines criteriafor procedures for
handling, repackaging, and shipping of out-of-specification wastes.

45.1.1 Spent Fuel

The reviewer should determine that the spent nuclear fuel is appropriately characterized so that
the necessary design and analytical calculations and acceptance tests may be carried out.
Analytical calculationsinclude nuclear criticality safety, heat removal, shielding, etc. Fuel
characteristics include reactor type, fuel configuration and vendor, enrichment, dimensions,
weight, burnup, cooling time, type of cladding, assemblies to be stored per confinement vessel or
pool facility, decay heat, fuel pin gas volume and temperature, condition (i.e., intact, undamaged),
presence of control components, or other radioactive materials associated with fuel assemblies,
and physical form of radionuclides.

In the SAR, the applicant must specify if damaged fuel isto be stored at the ISFSI. Damaged

fuel should be canned for storage and transportation. The purpose of canning is to confine gross
fuel particlesto aknown, subcritical volume during off-normal and accident conditions, and to
facilitate handling and retrievability. Asproof that the fuel is undamaged, the applicant, at a
minimum, should review the fuel records and verify that the fuel was undamaged. Also, the
applicant should specify that prior to loading, the fuel assemblieswill receive an external visual
examination for any obvious damage. For fuel assemblies where reactor records are not
available, the applicant should provide alternate information which provides reasonabl e assurance
that the fuel is undamaged or that damaged fuel loaded in a storage or transportation cask is
canned in addition to the external visual examination for any obvious damage.

4.5.1.2 High-Level Radioactive Waste

The reviewer should determine that the high-level radioactive waste is appropriately characterized
so that the necessary design and analytical calculations and acceptance tests may be carried out.
For high-level radioactive waste, such characteristics include waste form, decay heat, and
inventory of radionuclides.

The reviewer should specifically ensure that the waste form is solid and not liquid. If the waste
form containsliquid, asin undried filter residues, the NRC staff must establish waste acceptance
specifications and bounding limits of acceptability.

45.2 Classification of SSCs

The reviewer should review all SSCs classified asimportant to safety and the rationale for
classification. When reviewing the applicant’ srationale for classification, the reviewer should
consider the concept of classifying the SSCsinto three categories as discussed in Regulatory
Guide 7.10, “Establishing Quality Assurance Programs for Packaging Used in the Transport of
Radioactive Material, Revision 1,” and developed further in NUREG/CR-6407. The reviewer
should compare the results of the applicant’s classification process with the listingsin
NUREG/CR-6407 where category A and B items are generally considered important to safety.
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The reviewer should determineif the following SSCs and functions that have typically been
considered as important to safety are included: (1) components of the confinement vessel and
integral components and structures used within the vessel, (2) radiation shielding, (3) SSCs
providing capabilities for lifting, handling, and transfer of spent fuel, (4)

confinement for pool coolant, (5) instrumentation and controls (1& C) SSCs, if they are used as
the primary means for real-time recognition of off-normal conditions, (6) SSCs providing either
active or passive decay heat removal, (7) the confinement systems to preclude the rel ease of
radioactive liquids, and (8) SSCsfor retaining radioactive material within the pool building.

45.3 Design Criteriafor SSCsThat Arelmportant to Safety
45.3.1 General

The reviewer should verify that the SAR identifies the principal design criteriaand bases for SSCs
important to safety. These design criteria and bases may be presented by reference to a summary
discussion or tabular listing in the SAR. Table 4.2 illustrates the headings for such alisting.

The reviewer should check Chapter 4 of the SAR (Design Criteria), aswell as sections of the SAR
which address confinement, cooling, subcriticality, radiation protection, decommissioning,
retrieval capability, and ALARA. Design criteriaand bases for the system as awhole must be
identified and evaluated.

The reviewer should determine that the criteria derived from the site characteristics and accident
analyses (accident and off-normal conditions) are consistent with the analyses used in the
qualification of the SSCs. The reviewer should verify that these criteria are equivalent to those
proposed in the facility design.

The reviewer should confirm that ALARA goals were considered in development of the
applicant’ s general design criteria. The criteria should reflect any stated applicant ALARA
policies.

The reviewer should verify that criteria defining the response of SSCsto normal, off-normal, and
accident conditions are satisfactory. The following sections provide general guidance for
determining if the proposed criteria are acceptable.

The reviewer should determine the design criteriafor normal conditions and operations which do
not result in any degradation of the capabilities of the ISFSI or MRS. Routine maintenance, as
described in the SAR, should be sufficient to correct any “wear and tear” from normal conditions
and operations that would degrade the capabilities of the ISFSI.

The reviewer should determine that the design criteriafor off-normal conditions do not permit
any degradation of the capabilities of the ISFSI or MRS, assuming contingency operations during
and following off-normal conditions. The NRC does not require that radioactive material
handling or waste processing functions or capabilities at an ISFSI or MRS continue during an
off-normal condition or that such operations resume immediately. The licensee may impose
inspections and system checkouts following any event or condition.
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The reviewer should determine that design criteria for accident conditions do not permit
degradation of SSCsimportant to safety, including, but not limited to, (1) reduced radioactive
material handling and waste processing capability, (2) reduced capability to withstand further
accident conditions without excess response, without remedial action, and (3) reduced ability to
provide functions for the full system life time without remedial action. The reviewer should
determine that design criteriafor accidents still prevent (1) criticality, (2) unacceptabl e releases of
radioactive material, (3) unacceptable radiation doses for the public and workers, and (4) loss of
retrieval capability.

The NRC staff does not require assumption of multiple failure scenarios of SSCsimportant to
safety unless these multiple failure scenarios are credible consequences of the initiating event.

The NRC requires analysis or testing of SSCsfor some events (e.g., cask drop or tipover) even
though the events may be determined as non-credible in the accident analysis. Criteriafor
survival of SSCsimportant to safety for these “non-mechanistic” events should be the same as
the criteriafor survival of credible accidents.

45.3.2 Structural

For confinement SSCs designed to ASME B& PV C, Section |11, the reviewer should verify that
the loads, load conditions, and load combinations are defined in accordance with Article 3000
and include design pressure, design temperature, and design mechanical loads for Service Levels
A, B, C, and D associated with normal, off-normal, and accident conditions.

The reviewer should ensure that acceptable design codes have been specified for SSCsimportant
to safety that are not confinement casks and internal components, such as critical lifting devices,
pool and pool facilities, waste management facilities, and radiation and protective shielding. The
reviewer should compare applicant-proposed |oad combinations with those presented in Table
3-1 of NUREG-1536 which identifies |oad combinations for SSCsimportant to safety. The table
also categorizes load combinations for normal, off-normal, or accident conditions. The load
combination expressions identify which loads should be considered as acting concurrently. The
reviewer should ensure that the appropriate loads and load combinations are used and
correspond to the appropriate operating conditions for the specific site. The reviewer should
verify that the SSCs meet appropriate guidance in Regulatory Guides 1.76 and 1.117 for tornado
protection; Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122 for protection against seismic
events; Regulatory Guides 1.59, and 1.102 for flood protection; and NUREG-0800 for tornado
missile protection.

45.3.3 Thermal
The reviewer should verify that the design bases and criteriafor thermal conditions are defined
and appropriate for the site. The reviewer should ensure that design parameters, such as

maximum cladding temperature, pool coolant temperature, reinforced concrete temperature, and
other SSCs that are temperature-sensitive are defined. The reviewer should verify that the design

NUREG-1567 4-14



SECTION 4 SSC AND DESIGN CRITERIA

criteria meet the appropriate sections of Regulatory Guide 1.120 for fire protection. The
following sections provide general guidance for normal, off-normal, and accident conditions.

The reviewer should verify that the thermal design criteriaaddress. (1) extremes of normal ranges
of ambient temperature versus storage or operational time durations, (2) maximum site

insolation, (3) maximum duration that an active cooling system may be unavailable as aresult of
normal conditions (e.g., cooling of material in storage, if active cooling used, or of pool water) as
theresult of a“normal” occurrence, and (4) maximum design basis stored material decay heat
load.

The design criteriafor off-normal conditionsinclude: (1) extreme off-normal ranges of ambient
temperature versus significant time durations, (2) maximum site insolation for high ambient
temperature case, and (3) maximum duration that an active cooling system may be unavailable
(e.g., cooling of material in storage or in pool water) as the result of an off-normal occurrence.

The design criteriafor accident conditions include: (1) accident ranges of ambient temperature
versus significant time durations, (2) maximum site insolation for highest ambient temperature
case, and (3) maximum duration that an active or passive cooling system may be unavailable
(e.g., cooling of material in storage or in pool water) as the result of an accident occurrence.

4.5.3.4 Shielding and Confinement

The reviewer should verify that the design bases and criteria define the shielding and confinement
systems. The reviewer should verify that the maximum dose rates for the confinement cask
surfaces and exterior of shielding are defined. The reviewer should verify that the dose rate and
annual dose to workers are specified. The reviewer should check that the ISFSI controlled area
boundary complies with the regulations and that the dose rates and annual dose ratesto the
public meet the regulations. The reviewer should ensure that the criteria are explicit for normal,
off-normal, and accident conditions. For confinement casks, the reviewer should confirm that
the method of sealing is defined and meets regulations for redundant seals and that the maximum
leak rates are specified and do not result in exceeding dose requirements. The reviewer should
verify that monitoring systems are specified and that they meet the regulations for continuous
monitoring of SSCsimportant to safety. Where appropriate, the reviewer should confirm that
guidance given in Regulatory Guides 1.143, “Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear
Power Plants,” 8.5, “Criticality and Other Interior Evacuation Signals,” 8.25, “Air Sampling in the
Workplace,” and 8.34, “Monitoring Criteriaand Methods to Cal culate Occupational Radiation
Doses,” are considered.

The reviewer should verify that the design criteria or design bases for normal conditions include:
(1) locations of on-site personnel with respect to shielding and radiation protection afforded by
site characteristics and installation layout, (2) ALARA concepts applied to normal maintenance
and operations, and (3) estimation of dose rates or doses for on-site workers and the public based
on dispersion characteristics associated with normal weather patterns and bounding radiological
source terms along with facility shielding.
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The reviewer should verify that the design criteria or design bases for off-normal conditions
include (1) ALARA concepts applied to operator action during off-normal events and conditions,
and (2) estimation of dose rates or doses for on-site workers and the public based on dispersion
characteristics associated with conservative weather patterns.

The reviewer should verify that the design criteria or design bases for accident conditions include
maximum accident dose rates to the offsite public based on accident analysis.

4535 Criticality

The reviewer should confirm that the method of criticality control, such as geometry, fixed
poisons, borated pool water, etc., is specified. The reviewer should confirm that procedures are
in place to control minimum boron concentration in fixed poisons in the confinement cask or in
the pool. The reviewer should verify that the design criteriarequire that ky; less than 0.95 (with
95% probability and 95% confidence) for al normal events, abnormal events, and postul ated
accidents. The reviewer should verify that design criteriarequire that the calculation of K
includes the effects of maximum fresh fuel enrichment, optimum moderation, and computer
code computational and experimental benchmark bias.

4.5.3.6 Decommissioning Consider ations

The reviewer should confirm that the design criteriainclude requirements for decommissioning as
outlined in 10 CFR 72.130. Regulatory Guide 1.86, “ Termination of Operating Licenses for
Nuclear Reactors,” offers guidance on contamination levels on material which can be released.

4.5.3.7 Retrieval Capability

The reviewer should verify that design criteriafor retrieval capability of spent fuel or other high-
level radioactive waste forms considers normal and off-normal events.

4.5.4 Design Criteriafor Other SSCs

The reviewer should verify that the design bases and criteriafor other SSCs not important to
safety meet the general regulatory requirements as given in 10 CFR 72.24 (a), (b), (c), (d), (e), (f),
(9), (), and (1).

Typica concernsfor general design criteriareviews of other SSCs not important to safety
include, but are not limited to, adequate functional performance, interfacing with other SSCs, and
recognition of appropriate site characteristics.

4.6 Evaluation Findings

Evaluation findings are prepared by the staff upon completion of the SAR review and
determination that the regulatory requirements identified in Section 4.3 and staff safety concerns
have been properly addressed and factored into the design. If the documentation submitted with
the application fully supports positive findings for each of the regulatory requirements, the
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statements of findings may be as follows (numbering isfor convenience in referencing the FSRP

section):

F4.1

F4.2

F4.3

F4.4

F4.5

F4.6

F4.7

The SAR and docketed materials adequately identify and characterize the spent
fuel to be stored at the site in conformance with the requirements givenin 10 CFR
72.2 (8)(1) and (8)(2), and 10 CFR 72.6 (b). Theform of the spent fuel is
acceptableif the fuel issolid fuel and not in liquid form, and meets the
requirements given in 10 CFR 72.120 (b).

The SAR and docketed materials adequately identify and characterize the high-
level radioactive waste as required by 10 CFR 72.3. The waste formis solid and
not liquid asrequired by 10 CFR 72.120 (b).

The structure, systems and components have been classified according to their
function asimportant to safety or not important to safety, and meet the
requirements given in 10 CFR 72.3, 10 CFR 72.24 (n), and 10 CFR 72.144 (@) and

(©.

The SAR and the docketed materials relating to the design bases and criteria meet
the general requirements as given in 10 CFR 72.24 (c)(1), (c)(2), (c)(4), and (n); 10
CFR 72.106 (&) and (c); 10 CFR 120 (a) and (b); 10 CFR 122 (a), (b), (c), (d), (e),
(), (9), (), (i), (j), (k), and (I); 10 CFR 72.144; and 10 CFR 72.182 (&), and (b).

The SAR and docketed materials relating to the design bases and criteriafor
structures categorized as important to safety meet the requirements givenin 10
CFR 72.24 (c)(1), (¢)(2), (c)(3), and (n); 10 CFR 72.102 (a), (b), (c), (d), (), and
(f); 10 CFR 72.120 (@) and (b); and 10 CFR 72.122 (@), (b)(1), (b)(2) and (b)(3),
(©), (d), (), (9), (h), (1), (j), and (k). For certified confinement casks complying
with Subpart L, the regulatory requirements are outlined in 10 CFR 72.236. The
SAR meets the guidance given in Regulatory Guides 1.76, 1.117, and NUREG-
0800 for tornado and tornado missile protection. The SAR meets the guidancein
Regulatory Guides 1.59 and 1.102 for flood protection. The SAR meets
Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122 for seismic events.

The SAR and docketed materials meet the regulatory requirements for design
bases and criteriafor thermal consideration as givenin 10 CFR 72. 122 (@), (b)(2),
(b)(2) and (b)(3), (c), (d), (f), (g), (h), and (i); and 10 CFR 72.128 (8)(4). The SAR
meets the regulatory requirements for design criteria of for fire protection givenin
Regulatory Guide 1.120.

The SAR and docketed materials relating to the design bases and criteriafor
shielding, confinement, radiation protection and ALARA considerations meet the
regulatory requirementsasgivenin 10 CFR 72. 24 (c)(2), (¢)(2), (c)(4), and (n);
10 CFR 72.104 (@), (b), and (c); 10 CFR 72.106 (a), (b), and (c); 10 CFR 72.122
@, (b), (c), (d), (e), (), (g), (h), and (i), 10 CFR 72.126 (a), (b), (c) and (d); and 10
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F4.8

F4.9

F4.10

F4.11

CFR 72.128 (a) and (b). The SAR meets the guidance given in Regulatory Guides
1.143, 8.5, 8.25, and 8.34.

The SAR and docketed materials relating to the design bases and criteriafor
criticality safety meet the regulatory requirements as givenin 10 CFR 72.124 (a),
(b), and (c).

The SAR and docketed materials relating to design criteriafor decommission of
the facility comply with the regulatory requirements given in 10 CFR 72.130 and
the guidance given in Regulatory Guide 1.86.

The SAR and docketed materials relating to the design bases and criteriafor
retrieval capability meet the regulatory requirementsasgivenin 10 CFR 72.122
(@), (b)(2), (b)(2), and (b)(3), (c), (f), (h) and (1).

The SAR and docketed materials relating to the design bases and criteriafor other
SSCs not important to safety, but subject to NRC approval, meet the genera
regulatory requirements as given in 10 CFR 72.24 (@), (b), (c), (d), (e), (f), (9), (h),
(1) and the appropriate requirements as given in Subparts E and F of 10 CFR 72.

4.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.

ASME Boiler and Pressure Vessel Code, Section |11, Division 1, “Rules for Construction of
Nuclear Power Plant Components.”

NUREG-1567

4-18



SECTION 4 SSC AND DESIGN CRITERIA

Table 4.2 Summary of Design Criteria/Basesfor SSCsImportant to Safety
Design Criteria (Specify normal/off-normal/accident, if applicable)
Design Bases
Specifications of radioactive material to be stored
Bounding normal design event and condition parameters

Bounding off-normal design event and condition parameters
Design basis accident design event and condition parameters

Design Life (Initia license restricted to 20 years with potentia for renewal)
Structural

Design codesfor:
Confinement casks and integral and internal components
Other SSCs important to safety
Radiation and protective shielding
Pool
Pool facility SSCsimportant to safety
Waste management facility SSCsimportant to safety

Design weights
(Account for nominal dimension ranges.)

Cask design cavity pressures
Specia response and degradation limits
Thermal
Maximum design temperatures
Cladding
Reinforced concrete
Pool coolant
[Other SSCsthat are temperature sensitive in range of projected temperatures]
Maximum temperature gradients for structures subject to thermal stress
Insolation

Fill gas specification

Maximum stored material decay heat load
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Confinement
Method of sealing

Maximum leak rates
Primary sedls
Redundant seals
Cask body

Monitoring system specifications
Retrievability

Normal and off-normal
After accident events

Criticality
Maximum fresh unirradiated U*® enrichment

Method of Control
(e.g., geometry, fixed poison, borated pool water)

Minimum boron concentration
Fixed in confinement cask
Pool water

Maximum K
Burnup credit
Radiation Protection/Shielding

Maximum dose rate
Confinement cask surface( position)
Exterior of shielding (transfer/storage mode position)
Pool surface

Individua workers
Doserate
Annual dose
Dose per loading operation

ISFSI controlled area boundary
Normal/off-normal/accident dose rate
Annual dose
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5 INSTALLATION AND STRUCTURAL EVALUATION

5.1 Review Objective

The objective of theinstallation design review is to ensure compliance with required site features
and to support other evaluation areas. The objective of the structural evaluation review isto
ensure the structural integrity of structures, systems, and components (SSCs) with emphasis on
SSCsimportant to safety. These SSCs may provide confinement, subcriticality, radiation
shielding, and retrievability of the stored materials, and must be appropriately maintained under
al credible loads for normal, off-normal, and design basis accident conditions. These conditions
aso include natural phenomena. Chapter 4, Design Criteria, discusses the categorization of the
SSCsinto two subsets, “important to safety” and “not important to safety.”

Figure 5.1 presents an overview of the structural evaluation review process. The figure shows the
information flow from the applicant and from other sections of the review such as thermal
analysis, criticality analysis, and accident analysis. The figure also shows the flow of results from
the structural evaluation to the Safety Evaluation Report (SER) and to other review areas, such as
confinement analysis and limiting conditions for operation.

5.2 Areasof Review

The Safety Analysis Report (SAR) should be reviewed for adequacy of the description and
evaluation of the structural integrity for al structures, systems and components which are
classified in the SAR and confirmed in Chapter 4 of this Standard Review Plan (SRP) for Spent
Fuel Dry Storage Facilities as important to safety or otherwise subject to the NRC approval. The
following outline shows the areas of review addressed in Section 5.4, Acceptance Criteriaand
Section 5.5, Review Procedures:

Confinement Structures, Systems, and Components
Description of Structural Design
Design Criteria
Materia Properties
Structural Analysis

Pool and Pool Confinement Facilities
Description of Structural Aspects of Pool
Design Criteria
Materia Properties
Structural Analysis

Reinforced Concrete Structures
Description of Structural Design
Design Criteria
Materia Properties
Structural Analysis
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Description of Structural Aspects
Design Criteria

Materia Properties

Structural Analysis

Other SSCs
Description of Structural Aspects
Design Criteria
Materia Properties
Structural Analysis

5.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information [Contents of SAR]
(a) “A description and safety assessment of the site ... and evaluation of the mgjor SSCs....”
(b) “ A description and discussion of the [Independent Spent Fuel Storage Installations] ISFSI or
{Monitored Retrievable Storage] MRS structures.....”
(c) “The design of the ISFSI or MRS in sufficient detall ... including:”

() “The design criteria....”

(2) “The design bases and the relation of the design bases to the design criteria;”

(3) “Information relative to materials of construction... dimensions....”

(4) “Applicable codes and standards.”
(d) “An analysis and evaluation of the design and performance of SSCsimportant to safety....”
(i) “If the proposed ISFSI or MRS incorporates structures... have not been demonstrated....”

72.40 lssuance of license.

(a) “Except as provided in paragraph (c) of this section....”
(2) “The applicant’s proposed ISFSI or MRS design complies with Subpart F;”
(2) “The proposed site complies with the criteriain Subpart E;”
(3) “If on the site of anuclear plant...”

72.82 Inspections and tests.
(©)(2) “For asitewith asingle storage installation ....”
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72.102 Geological and seismological characteristics.
@ (1) “East of the Rocky Mountain Front...response spectrum anchored at 0.2 g.”
(2) “For those sites that have been evaluated under paragraph (a)(1)...”
(b) “West of the Rocky Mountain Front...evaluated by the techniques of appendix A of part
100...”
(c) “Sitesother than bedrock sites...”
(d) *“Site-specific investigations and laboratory analyses...soil conditions...”
(e) “Inanevauation of alternative sites...”
(f) “Thedesign earthquake (DE) for the use in the design of structures...”
(1) “For sitesthat have been evaluated under the criteria of appendix A...”
(2) “Regardless of theresults...nolessthan 0.10 g...”

72.106 Controlled area of an ISFSI or MRS.

(a) “For each ISFSI or MRS site, a controlled area must be established.”

(b) “...The minimum distance from the spent fuel....shall be at least 100 meters.”
(c) “The controlled area may be traversed by ahighway....”

72.120 Genera considerations.

(a) “Pursuant to...must include the design criteriafor the proposed storage installation....”
(b) “The MRS must be designed to store either spent fuel or solid high-level radioactive
wadstes....”

72.122 Overdl requirements.
(@) Quality Standards. “SSCsimportant to safety must be designed, fabricated....”
(b) Protection against environmental conditions and natural phenomena.
(1) “SSCsimportant to safety must be designed to....postulated accidents.”
(2) * SSCsimportant to safety must be designed to... natural phenomena....”
“The design bases for these SSCs must reflect:”
(i) “Appropriate consideration of the most severe of the natural phenomena.....”
(i) “ Appropriate combinations of the effects of normal and accident
conditions....”
(3) “Capability must be provided for determining the intensity of natural phenomena....”
(¢) Protection against fires and explosions. “ SSCsimportant to safety must be designed....”
(d) Sharing of SSCs. “SSCsimportant to safety must not be shared....”
(f) Testing and maintenance of system and components. “ Systems...permit inspection....”
(g9) Emergency capability. “SSCsimportant to safety must be designed for emergencies....”
(h) Confinement barriers and systems.
(i) Instrumentation and control systems. “Instrumentation and control systems....”
() Control room or control area. “A control room or control area, if appropriate.....”
(k) Utility or other services.
(1) Retrievability. “Storage systems must be designed to allow ready retrieval....”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.

(@) Spent fuel and high-level radioactive waste storage and handling systems.

(b) Waste treatment.
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[The following regulatory requirements apply to ISFSI and MRS confinement casks, if the design
of the confinement cask system has been previously certified under 10 CFR 72 Subpart L].

72.236 Specific requirements for spent fuel storage cask approval

(b) “Design bases and design criteria...”

(e) “The cask must be designed to provide redundant sealing of confinement systems.”

(f) “The cask must be designed to provide adequate heat removal capacity without active
cooling....”

(9) “The cask must be designed to store the spent fuel safely for aminimum of 20 years....”
(K) “ The cask must be conspicuously and durably marked with:...”

A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter isgiven in Table 5.1. The reviewer should independently verify the relationshipsin
this matrix to ensure that no requirements are overlooked because of unique applicant design
features.

Table 5.1 Relationship of Regulationsand Areas of Review

10 CFR Part 72 Regulations
7210 | 72.10 | 7212 | 7212 | 72.12 | 72.23

Areas of Review 72.24 72.40 72.82 2 6 0 2 8 6
Confinement SSCs 1 1 1 1 1 1 1 1 1
Pool and Facilities 1 1 1 1 1 1 1 1

Reinforced Concrete 1 1 1 1 1 1 1 1

Other SSCs 1 1 1 1 1 1 1 1

Important To Safety

Other SSCs 1 1 1 1 1 1 1

5.4 AcceptanceCriteria

This section identifies the acceptance criteria used for the structural evaluation. Acceptability of
the design of the structures, systems, and components as described in the SAR is based on
compliance with requirements and Regulatory Guides determined by independent calculations
and staff judgments. The design of the SSCs are acceptable if the integrated design meets the
genera and specific criteria discussed below.

The license approval processfor ISFSI and MRS is a one-step licensing process rather than a
two-step process as exemplified by 10 CFR Part 50 for areactor license. Thus, the evaluation of
the SAR and the supporting materials for an ISFSI licenseis the sole occasion in the design and
construction sequence that the design and proposed construction are comprehensively reviewed
by the NRC staff. The result isthat the depth of information required for individual SSCs
important to safety is greater for ISFSI and MRS than would be required for ssimilar SSCsin the
application for a construction permit under 10 CFR 50.
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The confinement systems, including pool facilities, reinforced concrete structures, and other
SSCs, which are important to safety or subject to NRC approval, must to have sufficient
structural capability to withstand the worst-case |oads under accident conditions and natural
phenomena events. This may be verified by the reviewer of the SAR, first by verifying
acceptable design criteriaand then by verifying acceptable analyses, which ensure that the
structures preclude:

unacceptablerisk of criticality

unacceptabl e release of radioactive materials
unacceptable radiation levels

impairment of ready retrievability of stored material

DO OO OO

Provided that a certified cask system has not been modified, the use of a certified cask design can
be used to satisfy a part of the requirements for the facility license application by reference. Site
facilities and infrastructure of concern to the NRC are to have the descriptions, design criteria,
and safety analyses as appropriate to safety reviewed. These could include the pool and pool
facility SSCs, the waste facilities, space for NRC use, and other elements of the site physical
infrastructure.

5.4.1 Confinement Structures, Systems, and Components
5.4.1.1 Description of Confinement Structures

10 CFR 72.24 (@) and (b), 10 CFR 72.82 (¢)(2), and 10 CFR 72.106 (a), (b), and (c) outline the
contents of the application, which include design descriptions in sufficient detail to support
findingsin the SER. For confinement SSCs the application must include text descriptions,
drawings, figures, tables and specifications that would fully define the structural features of the
confinement SSCs.

For asite-specific ISFSI, the application may involve use of acask certified under 10 CFR 72,
Subpart L, including the SAR for the certified cask system by reference. Additional information
relating to the cask should aso be provided, including the applicant’s evaluations that establish
that site parameter limits are within the bounds of those established as limiting conditions as set
forth in the Certificate of Compliance.

If actual site parameters exceed the bounds of those assumed in the safety analysis submitted for
the certified cask system or exceed specified conditions of compliance, then the SAR submitted
with the application must fully address those areas affected by the variations. If the design of the
proposed cask system is not identical to the certified cask system, the SAR shall include afull
description of the cask system (drawings and construction or fabrication specifications), a
description of all changes to the certified design, and analyses that show the proposed design
satisfies the criteriafor the proposed installation.
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5.4.1.2 Design Criteriafor Confinement Structures

Theregulatory requirements given in 10 CFR 72.24 (¢)(1), (¢)(2), and (c)(4); 10 CFR 72.40 (a)(1);
10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and (I); and 10
CFR 72.128 (a) and (b) identify acceptable design criteria. The NRC generally considers the
design criteriaidentified below to be acceptable to meet the structural requirements of 10 CFR 72
for storage confinement casks.

General Structural Requirements

The confinement structures are to have sufficient structural capability so that every cross section
of the structure can withstand the worst-case |oads and successfully preclude the unacceptable
risk of criticality, unacceptable release of radioactive materials to the environment, unacceptable
radiation dose to the public or workers, and significant impairment of ready retrievability of the
stored nuclear material. Confinement of radioactive material must be maintained under normal,
off-normal, and accident conditions.

These criteriado not require that all confinement systems and other structures important to safety
survive al design basis accidents and extreme natural phenomena without any permanent
deformation or other damage. Some load combination expressions for accident events, for
structures important to safety, permit stress levels that exceed yield. These scenarios should be
shown to be acceptable by computations, analyses, and/or tests acceptable to the NRC.

Structures important to safety are not required to survive accident events and conditions to the
extent that they remain suited for use for the life of the ISFSI or MRS without inspection, repair,
or replacement. However, confinement structures are required to maintain confinement integrity
under all accident conditions. The NRC does not accept breach of the storage confinement.

If the life of structures important to safety may be degraded by design basis events, requirements
and procedures for determination and correction of the degradation, or other acceptable remedial
action must be provided.

Spent fuel cladding must be protected against gross rupture caused by degradation resulting from
normal, off-normal, or accident conditions.

The cask and any racks for positioning stored fuel or waste material within the cask must not
deform under credible loading conditions to the extent that the subcritical condition or the
retrievability of the fuel would be jeopardized. The cask must be analyzed to show that it will not
dlide, tip over, or drop in its storage condition as aresult of a credible natural phenomenon event,
including tornado winds and tornado missiles, earthquakes, and floods. Thiscriterionisto
preclude damage to an entire array. A tip-over or drop is aways to be assessed as a bounding
condition during handling operations.

Radiation shielding for the cask system, required for protection of the public or workers, must
not degrade under normal or off-normal conditions. The shielding function may be acceptably
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degraded by a design basis event (e.g., loss of liquid neutron shielding resulting from a drop
accident). However, the loss of function must be readily apparent.

Applicable Codes and Standards

The applicant must identify the design codes and standards intended for confinement structures.
The structural design, fabrication, and testing of the confinement system must comply with an
acceptable code or standard. Use of codes and standards that have been accepted by the NRC
expedites the evaluation process. The aternative use of other codes and standards may require
extensive NRC review and may delay the evaluation process.

An accepted code for design, fabrication, and testing of steel confinement casksis Section I11 of
the ASME Boiler and Pressure Vessel Code (ASME B&PVC). The NRC has accepted use of
either Section NB or NC. The NRC has accepted use of Sections NF and NG of the ASME
B&PVC, Section I11, Division 1 for cask system components used within the confinement cask
but not integrated with it. Thisincludes the “basket” which is a structure used inside casks to
restrain and position fuel assemblies. Other design codes or standards may be acceptable
depending on their application.

The NRC accepts use of Regulatory Guides 7.11, “Fracture Toughness Criteria of Base Material
for Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4
Inches (0.1 m),” and 7.12, “Fracture Toughness Criteria of Base Materia for Ferritic Steel
Shipping Cask Containment Vessels with aWall Thickness Greater than 4 Inches (0.1m) But Not
Exceeding 12 Inches (0.3m),” as bases for determining the potential for brittle fracture. These
Regulatory Guides aso incorporate a portion of NUREG/CR 1815 by reference. The reviewer
should be aware of those portions of NUREG/CR 1815 which are excluded by Regulatory
Guides 7.11 and 7.12.

The fatigue limits of the cask structural materials may be based on the provisions of the ASME
B&PVC, Section |11 or the guidance provided in Regulatory Guide 7.6, “Design Criteriafor the
Structural Analysis of Shipping Cask Containment Vessels.” Since casks are typically not
subjected to cyclic loads, fatigue may not be a significant concern.

Cask Closure Welds After Fuel Loading

Thefollowing specia considerations are generally accepted by the NRC for the dry storage
canister top end closure welds which are made after the canister has been loaded with spent
nuclear fuel assemblies. All other dry storage canister bottom end closure welds and shell welds
should be designed, fabricated, examined, and tested to the requirements of the appropriate
subsections of the ASME Section |11 Code.

The top end closure welds are to be helium leak tested. No hydrostatic or pressure tests are

required if aminimum margin of safety equal to or greater than 1.5 against design pressure was
demonstrated by analysis.
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The closure weld joint may be either afull thickness penetration weld or apartial penetration
groove weld. For apartial penetration groove weld, the maximum clearance between the closure
plate and the enclosure shell should be small enough to ensure a good weld and should not
exceed the clearance alowed in the weld procedure qualification. The minimum depth of the
groove shall be equal to or larger than the enclosure shell thickness. The weld strength of the
closure joint is based on the nominal weld area and the design stress intensity values for the
weaker of the two materialsjointed. However, the minimum ultimate tensile strength of the weld
metal should equal or exceed the base metal strength to preclude weld metal failure.

For dry storage canisters made from austenitic stainless steels Type 304, 304L, 304LN, 316, 316L,
or 316L N, the top end closure weld may be examined by either the ultrasonic methods (UT) or
progressive liquid penetrant (PT) examinations as follows:

If UT isused, the UT acceptance criteria shall be the same as NB-5332 for pre-
service examination.

If PT isused, the examination shall be performed progressively on the root layer;
the lesser of one half of the welded joint thickness, or ¥z inch intervals thereafter;
and the final surface. In addition, a stress reduction factor of 0.8 shall be applied
to the weld strength of the joint.

For dry storage canisters made from austenitic stainless steels other than the Type 304 or 316
materials listed above, the top end closure weld may be examined by PT as described above for
Type 304 and 316, except that the thickness and number of intermediate layers to be examined
shall be determined by a fracture mechanics assessment of the weld considering the specific
geometry, material properties, and loadings. The maximum thickness of each weld pass deposit
and PT layer shall not exceed the alowable critical flaw size for a 360 degree circumferentia flaw.

For dry storage canisters made from ferritic steels, the top end closure weld should be examined
by UT and:

The critical flaw size and the critical design stress values shall be determined by
the linear elastic fracture mechanics methodology specified in ASME Code,
Section X1 using the applicable service temperature and material properties.

The UT must be performed in accordance with pre-qualified procedures and
methods. The UT examination methodology should be demonstrated to be
reasonably accurate and consistently able to detect flaw sizesless than the critical
flaw size determined by linear elastic fracture mechanics.

The UT examination must be performed by tested and certified operators.
The welding processes, weld inspection criteria, and weld personnel qualifications

shall be in conformance with the ASME Code. The welding process and
technique used should be evaluated to preclude hydrogen induced cracking.
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Asan alternative, progressive surface examinations, utilizing PT or magnetic
particle examination (MT), are permitted only if unusual design and loading
conditionsexist. PT or MT must be performed after sufficiently small intervalsto
ensure that flaws equal to the critical flaw size will be detected. In addition, a
stress reduction factor of 0.8 shall be used for the weld strength of the closure
joint to account for imperfections or flaws potentially missed by progressive
surface examinations. Critical flaw sizesfor ferritic steels are generally small.
Therefore, PT or MT must be performed on many layers of the weld and this
aternative may become unacceptable, dueto ALARA concerns. Theweld design
should provide a sufficient safety margin and should be approved by the NRC on
a case-by-case basis.

5.4.1.3 Material Properties

Acceptable criteriafor materials used in all structural components and systems are givenin 10
CFR 72.24 (¢)(3). The applicant must identify standards for materials and properties used in
analyses.

The information provided on materials must be consistent with the application of the accepted
design criteria, codes, standards, and specifications selected for the storage cask system. For
example, if the ASME B&PVC, Section |11 isused for the design criteria, the materials selected
for the cask must be consistent with those alowed by the particular Section of the ASME

B& PV C used for design. Acceptable requirements are ASME-adopted specifications givenin
ASME B&PVC, Section Il, Part A “Ferrous Metals,” Part B “Nonferrous Metals,” Part C
“Welding Rods, Electrodes, and Filler Metals,” and Part D “Properties.” NUREG-1536 provides
additional guidance regarding the use of the ASME B& PV C requirements for material properties
and specifications.

Compatibility of materials and coatings to be used with the environments to be experienced must
be established. Thisincludes compatibility with fluids during loading and unloading operations
that may occur on-site. Compatibility verification should specifically include potentia reactions
in the presence of liquids that may be used in conjunction with loading, unloading,
decontamination, wet transfer operations, electrolytes, and water. Reactions may include
chemical and galvanic actions, the possibility of production of explosive or toxic gas, and/or
degradation.

The SAR should include tables with material properties and allowabl e stresses and strains
associated with temperature, as appropriate. Appropriate corrosion allowances should be
established and used in the structural analyses. The potential for brittle fracture must be
reviewed. The potential for brittle fracture of some components important to safety has resulted
in conditions of use that preclude transfer operations during extremely low temperatures.

5.4.1.4 Structural Analysis

Requirements for acceptable structural analysisare given in 10 CFR 72.24 (d)(2), (d)(2), and (i),
aswell as 10 CFR 72.122 (b)(2), (b)(2), and (b)(3), (c), (d), (), (g), (h), (i), (j), (k), and (I). The
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applicant must provide analyses of load combinations for normal, off-normal, and accident
conditions.

The applicant must provide design analyses with adequate detail so that they may be readily
audited to permit determination of the sources of expressions used, values of material properties,
datafrom other supporting calculations and assumptions. ANSI N45.2.11 provides guidance for
preparation of design analyses which is acceptable to the NRC.

The design analysis for confinement SSCs shall identify all loading conditions and combinations
of loadings. The analysis shall establish the design internal and external pressures, the design
temperatures, and al the design mechanical loads. The analysis shall identify all combinations of
design loads which can occur simultaneously. The specification shall establish service loadings
(with appropriate service limits), which are discussed as normal, off-normal, and accident
conditions in this SRP. For comparison purposes, normal service correspondsto Service Levels
A and B of the ASME B& PV C, Section |11; and accident service corresponds to Service Level D.

5.4.1.5 Buckling of Irradiated Fuel Under Bottom End Drop Conditions

Fuel rod buckling analyses under bottom end drop conditions have traditionally been performed
to demonstrate integrity of the fuel following a cask drop accident. The analytical method
described by Lawrence Livermore National Laboratory (LLNL) in report UCID-21246, isa
simplified approach. The analytical method assumes that buckling occurs when afuel rod
segment between the bottom two spacer grids reaches the Euler buckling limit. The analytical
method uses material properties for irradiated cladding, considers the weight of the cladding, but
neglects the weight of fuel pellets. The NRC considers that, in addition to the weight of the
cladding, end drop analyses should include the weight of fuel pellets and irradiated material
properties. With the weight of the fuel pelletsincluded, the analytical method of UCID-21246
yields highly conservative results.

The analytical methods in UCID-21246 used to demonstrate fuel integrity following a cask drop
accident yield alarge margin to the point of actual failure. The calculated onset of buckling does
not imply fuel or cladding failure. Where such analysesyield too conservative results, the
applicant may use more realistic analyses of dynamic fuel behavior. If the cladding stress
remains below yield strength, the fuel integrity is assured.

If the applicant uses the analytical approach described in UCID-21246 for axial buckling to assess
fuel integrity for the cask drop accident, the analysis should use theirradiated material properties
and should include the weight of fuel pellets.

Alternately, an analysis of fuel integrity which considers the dynamic nature of the drop accident
and any restraints on fuel movement resulting from cask design is acceptable if it demonstrates
that the cladding stress remains below yield. If afinite element analysisis performed, the
analytical model may consider the entire fuel rod length with intermediate supports at each grid
support (spacer). Irradiated material properties and weight of fuel pellets should be included in
the analysis.
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5.4.2 Pool and Pool Confinement Facilities

The pool and pool confinement facilities provide a capability that may be essential to the conduct
of ISFSI and MRS loading for storage and unloading functions and that may be needed for
retrievability (see guidance in SRP Sections 3.4.8 and 4.4.3.7). The pool and pool confinement
facilities are considered to include those systems important to safety that provide for wet transfer,
loading, unloading, and temporary holding or long-term storage of spent fuel, high-level waste,
and/or other radioactive materials associated with spent fuel or high-level waste storage. Other
ISFSI or MRS equipment that may be used within and outside the pool facility, or that are used
for lifting or transfer within the facility but are not installed cranes or conveyance systems, are
addressed as “other SSCsimportant to safety” or “other SSCs.”

The safety function of the pool and associated equipment isto maintain the spent fuel assemblies
in asafe and subcritical array during al credible storage conditions and to provide a safe means
of loading the assemblies into shipping casks.

The ISFSI and MRS pools and pool facilities should be designed as though they were to be in
constant use for in-pool storage and wet transfer for the life of the ISFSI/MRS license. However,
it isanticipated that the actual use of the pool facility may differ from the use of the spent fuel
pool at areactor facility. Therefore, l[imited or part-time use of the pool should be well-described
inthe SAR. The use status of the pool facility may have a major impact on the generation of
radioactive and other waste. The design may also need to provide for conversion to standby
mode or decontamination and decommissioning (D& D) while the rest of the ISFSI or MRS
remainsin use for dry storage.

5.4.2.1 Description of Pool Facilities

10 CFR 72.24(a) and (b), 10 CFR 72.40(8)(3), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b), and
(c) address the descriptive information to be included in alicense application. The application
must describe pool facilitiesin sufficient detail to support a detailed review and evaluation. This
would include text, descriptions, drawings, flow diagrams, figures, tables, and specifications to
fully define the systems and features of the pool facilities.

The NRC accepts use of existing pool and pool confinement facilities that are licensed under 10
CFR 50 for ISFSI or MRS, if concerns for possible sharing of SSCs between separately licensed
facilities are satisfied (10 CFR 72.3 (included with definition of 1SFSI), 72.24 (a), 72.40 (a)(3), and
72.122 (d)). The existing pool and pool confinement facilities may continue to be licensed under
10 CFR 50, or they may be re-licensed as elements of awet storage and/or dry storage | SFSI.

5.4.2.2 Design Criteria
The regulatory requirements given in 10 CFR 72.24 (¢)(1), (¢)(2), and (c)(4); 10 CFR 72.40 (a)(1);
10 CFR 72.120 (@), and (b); 10 CFR 72.122 (a), (b), (c), (d), (), (9), (h), (i), (j), (k), and (I); 10

CFR 72.128 (a) and (b); and 10 CFR 72.236 (b), (e), (f), (g), and (k) identify acceptable design
criteria.
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Design criteriafor important to safety facilitiesin 10 CFR 72 are fully applicable to pool and pool
confinement facilities. Pool and pool confinement facilities should meet the criteriafor structural
integrity for similar facilities constructed at a power reactor which must comply with 10 CFR 50.
These criteriaare principally as stated in 10 CFR 50, Appendix A, Genera Design Criteria 61,
“Fuel Storage and handling and radioactivity control.” Some portions of the General Design
Criteria 62, “Prevention of criticality in fuel storage and handling,” and General Design Criteria
63, “Monitoring fuel and waste storage” apply. Additionally, the General Design Criteria 2, 4,
and 5 apply to the design of pool facilities. See NUREG-0800 Sections 9.1.2, Spent Fuel Storage
and 9.1.3, Spent Fuel Pool Cooling and Cleanup System for specific acceptance criteria, which
derives from 10 CFR Part 50, Appendix A.

The intended usage of the pool and pool facilities may be used in the development of design
requirements. Should the intended usage be long-term storage of spent nuclear fuel, the NRC
accepts design of elements of the pool facility in accordance with ANSI/ANS 57.2. Should the
intended usage be short term or primarily to facilitate wet transfer operations, the NRC accepts
design of elements of the pool facility in accordance with ANSI/ANS 57.7. Regardless of
whether ANSI/ANS 57.2 or 57.7 isused, it should be noted that 10 CFR 72.2 requires that spent
fuel be aged for at least one year after discharge from the core.

The NRC accepts design of the pool liquid containment SSCs as required for Quality Group B
(per Regulatory Guide 1.26, “Quality Group Classifications and Standards for Water-, Steam-,
and Radioactive Waste-Containing Components of Nuclear Power Plants’) that are licensed
under 10 CFR 50. Thisquality group requires design to not less than the requirements of ASME
B&PVC, Section l11, Class 2 (Division 1, Section NC).

The NRC accepts design of ISFSI and MRS pool facility cooling and make-up water systems (as
required) for Quality Group C. This quality group requires design to not less than the
requirements of ASME B&PVC, Section |11, Class 3 (Division 1, Section ND).

The NRC accepts the guidance for reactor facility pools provided by Regulatory Guide 1.13,
“Spent Fuel Storage Facility Design Basis,” for ISFSI and MRS pool facilities. The principal
criteriafor pool facility design included in Regulatory Guide 1.13 are to:

C prevent loss of water from the pool that would uncover the radioactive material
C protect the radioactive material from mechanical damage
C provide capability for limiting the potential offsite exposuresin the event of a significant

release of radioactivity from the subject materials.

5-13 NUREG-1567



INSTALLATION AND STRUCTURAL SECTION 5

5.4.2.3 Material Properties

Acceptable criteriafor materials used in all structural components and systems are givenin
10 CFR 72.24 (c)(3). The applicant must identify materials and material propertiesto be usedin
the design.

The information describing material properties must be consistent with the application of the
accepted design criteria, codes, standards and specifications for the structural components of the
pool facility. For example, if pool components forming the primary hydraulic containment or
water level control, such as piping, pumps, valves, holding tanks, or filters are designed according
to the ASME B& PV C Section |11, then the materials selected must be consistent with those
allowed by the particular Section of the design code. If the pool ishoused in areinforced
concrete building designed according to ACI 349, then material properties should be consistent
with the ACI 349 Code. If steel structures are to American Institute of Steel Constructions
(AISC) standards, then the steel should have materia properties from the Steel Construction
Manual.

In addition to the criteriagiven in 10 CFR 72.24 (c)(3), materials wetted by the pool water should
be reviewed for compatibility and chemical stability. The selection of materials should be such
that there are no potential mechanisms that will: (1) alter the location of any fixed neutron
absorbers used in the design of the storage racks, and/or (2) cause physical distortion of the
structures designed to retain the stored fuel assembliesin afixed location.

5.4.2.4 Structural Analysis

Requirements for acceptable structural analysisare given in 10 CFR 72.24 (d)(1), and (d)(2), (i),
aswell as10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (9), (h), (i), (j), (k), and (I).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for SSCs comprising the pool and the pool facilities shall identify all
loading conditions and combinations of loadings. The specification shall establish the design
internal and external pressures, the design temperatures, and all the design mechanical loads. The
specification shall identify all combinations of design loads which can occur simultaneously. The
specification shall establish service loadings (with appropriate service limits), which are discussed
as normal, off-normal, and accident conditionsin this SRP. ANSI/ANS57.2 and ANSI/ANS
57.7 provide guidance for establishing design loads and structural analysis methods. Design
codes are discussed.

5.4.3 Reinforced Concrete Structures

5.4.3.1 Description of Concrete Structures
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10 CFR 72.24 (a) and (b), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b), and (c) outline the
contents of the application, which includes design descriptions in sufficient detail to support a
detailed review and evaluation. Concrete structures may have roles in providing radiological
shielding, forming ventilation passages, weather enclosures, structural supports, access denial,
foundations, earth retention, anchorages, floors, walls, movable shields, and protection against
natural phenomena and accidents. The applicant must fully describe any reinforced concrete
structures. The description should include text descriptions, drawings, figures, tables, and
specifications that would fully define the structural features of the reinforced concrete structures.

Concrete structures may be cast in place, cast at the site, or cast elsewhere. Concrete structures
may also be combinations of cast in place and precast sections that are integrated by bolting,
welding, fitting, grouting, or placing additional concrete at the site. They may also include
concrete that may be cast as part of acomposite confinement cask with metalic liner. A metallic
liner of a composite confinement cask, its closures, or itsinternal components should be designed
asrequired for confinement SSCs (5.4.1).

5.4.3.2 Design Criteria

Theregulatory requirements given in 10 CFR 72.24 (¢)(1), (¢)(2), and (c)(4); 10 CFR 72.40 (a)(1);
10 CFR 72.120 (@), and (b); 10 CFR 72.122 (a), (b), (c), (d), (), (9), (h), (i), (j), (k), and (I); 10
CFR 72.128 (a) and (b); and 10 CFR 72.236(b), (e), (f), (g), and (k) identify acceptable design
criteria.

The structural design of the concrete structures shall withstand the effects of credible accident
conditions and natural phenomena events without impairment of their capability to perform
safety functions. The principal safety functions include maintaining subcriticality, containing
radioactive material, providing radiation shielding for the public and workers, and maintaining
retrievability of the stored material.

The NRC has accepted special criteriafor selection of components of reinforced concrete that
may be exposed to elevated temperaturesin normal or off-normal conditions. These criteriaare
given in the SRP Section 6.5.2.3. The acceptability of loads and stresses associated with thermal
conditionsis analyzed as part of the structural analysis.

Concrete pads that support confinement casks in storage are not “ pavements.” They should be
designed and constructed as foundations under the applicable code (ACI 318 or ACI 349).

Codes and Standards
ANSI/ANS 57.9 isgenerally applicable to ISFSI design and construction (with exceptions for
confinement casks). Table 3-1 of NUREG-1536 includes extracts of ANSI/ANS 57.9 that are

especially applicable to concrete structure design and construction. The table also includes
corresponding evaluation guidance for review of the SAR documentation.
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The NRC has not accepted use of a set of criteriathat has been derived by selection of criteria
from more than one code. However, the NRC has accepted use of ACI 349 for design and
material selection for concrete structures important to safety (but not as confinement cask), but
has allowed the optional use of ACI 318 for construction, as described in this Section.

There are codes other than those discussed herein that may be applicable to the design and
construction of the concrete elements of ISFSI and MRS. It is acceptable that such codes (e.g.,
the National Fire Protection Association (NFPA) Electric, Life Safety and Lightning Protection
Codes) be included in the design by reference in the SAR documentation. Where designs of
structures subject to approval are also covered by such other codes, the review should include
evaluation of compliance with those codes.

The NRC accepts use of ACI 349 for design, material selection and specification, and
construction of all concrete structures that are not within the scope of ACI 359; except that
additiona or more stringent requirements given in ANSI/ANS 57.9, as incorporated by reference
in NRC Regulatory Guide 3.60, “Design of an Independent Fuel Storage Installation (Dry
Storage),” must also be met. Use of ACI 318 for construction of structures designed and with
materials selected in accordance with ACI 349 is acceptable.

The following identifies the portions of ACI 349 and ASTM standards that are applicableto
design (including material selection and metal embedments) that must be met by those applicants
that choose to use ACI 318 for construction. The paragraph references are asin ACI 349-90.
Unlisted and excepted sections cover construction requirements, for which the NRC accepts
substitution of ACI 318.

Chapter 1, “General Requirements’, Section 1.1 and 1.5 (less references to construction),
Section 1.2, Section 1.4

Chapter 2, “Definitions’, All

Chapter 3, “Materials, All, except Section 3.1, 3.2.3, 3.3.4, 3.5.3.2,3.6.7, 3.7

Chapter 4, “Concrete Quality”, Section 4.1.4

Chapter 6, “Form work, Embedded Pipes, and Construction Joints’, Section 6.3.6(k), 6.3.8

Chapter 7, “Details of Reinforcement”, All

Chapter 8, “Anaysisand Design” - General Considerations, All

Chapter 9, All

Chapters 10-19, All

Appendix A, All

Appendix B, “Steel Embedments,” All, but note that the load combinations and load
variation requirements of ANSI/ANS 57.9 must be met in addition to those of
ACI 349 Section 9.2 cited at Section B.3.2 (given in Table 3-1 of NUREG-1536)

Appendix C, “Special Provisions for Impulsive and Impactive Effects’, All, except that the
load combinations and load variation requirements of ANSI/ANS 57.9 must be
met in addition to those of ACI 349 Section 9.2 (given in Table 3-1 of NUREG-
1536).

Concrete Containments
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ACI 359, Section CC, is acceptable for prestressed and reinforced concrete that is an integra
component of aradioactive material containment vessel that must, in operation or in testing,
withstand internal pressure. Application of ACI 359 is based on the containment function,
regardless of whether the concrete structure isfixed or portable, or where the concrete structure is
fabricated. ACI 359 also appliesto structural concrete supports that are constructed as an integral
part of the containment.

If ACI 359 is applicable to an ISFSI/MRS structure, it is applicable for the full design, material
selection, fabrication, and construction of that structure. The NRC has not accepted the
substitution of elements of ACI 349 or ACI 318 for any portion of ACI 359 for an ISFSI/MRS
structure. Structures for which ACI 359 is applicable shall also meet the minimum functional
requirements of ANSI/ANS 57.9, where specific requirements in the subject area are not included
in ACI 359.

5.4.3.3 Material Properties

Acceptable criteriafor materials used in all structural components and systems are givenin
10 CFR 72.24 (¢)(3).

The information describing material properties must be consistent with the application of the
accepted design criteria. For concrete structures as referenced in ACI 349-90, thiswould include
ASTM standard specifications applicable to design and material specifications: A 36, A 53, A 82,
A 184, A 185, A 242, A 416, A 421, A 496, A 497, A 500, A 501, A 572, A 588, A 615, A 706, A
722, C 33, C 144, C 150, C 595, and C 637.

Fabrication and Construction

Selection and validation of concrete mix to meet design requirementsis considered to be a
construction function. Specification of cement type, aggregates, and special requirements for
durability and elevated temperatures is considered to be a design or material selection function,
and therefore, to be governed by ACI 349 (ACI 359 if applicable).

The following identifies sections of ACI 318, Building Code Requirements for Reinforced
Concrete (chapters, appendix, and paragraphing per ACI 318-89) that have been accepted by the
NRC for construction of ISFSI concrete structures that are not within the scope of ACI 359.

Chapter 1, “Genera Requirements’, Section 1.1.1, 1.1.2, 1.1.3, and 1.1.5 (less references to
design and material properties); Section 1.3

Chapter 2, “Definitions’, use ACI 349 Chapter 2

Chapter 3, “Materials’, Section 3.1, Section 3.8 (except delete A 616 and A 617)

Chapter 4, “Durability Requirements’, All

Chapter 5, “Concrete Quality, Mixing, and Placing”, All

Chapter 6, “Form work, Embedded Pipes, and Construction Joints’, All (less referencesto
design and materia properties, these are governed by ACI 349)
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ASTM standard specifications acceptable for construction and associated testing are: C 31, C 39,
C42,C94,C109,C172, C 192, C 260, C 494, C 496, C 685, and C 1017.

The following standards relating to construction are identified in ACI 349 and may be used: C 88,
C 131, C 289, and C 441.

ASTM standard specifications acceptable for construction and associated testing are: C 31, C 39,
C42,C94,C 109, C172, C 192, C 260, C 494, C 496, C 685, and C 1017.

5.4.3.4 Structural Analysis

Requirements for acceptable structural analysisare given in 10 CFR 72.24 (d)(1), and (d)(2), (i),
aswell as 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (¢), (d), (), (9), (h), (i), (j), (k), and (I).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for concrete structures shall identify all loading conditions and
combinations of loadings. The specification shall establish the design internal and external
pressures, the design temperatures, and all the design mechanical loads. The specification shall
identify all combinations of design loads which can occur simultaneously. The specification shall
establish service loadings (with appropriate service limits), which are discussed as normal, off-
normal, and accident conditions in this SRP.

The NRC accepts strength design as presented in the current ACI 349 for concrete structures
important to safety that are not within the scope of ACI 359. ACI 359 is based on allowable
stress design.

Load definitions and load combinations shown in Table 3-1 of NUREG-1536 have been accepted
by the NRC for analysis of steel and reinforced concrete ISFSI and MRS structures important to
safety. Theload combinations are asincluded or derived from ANSI/ANS 57.9 and ACI 349.

L oad combinations to be used for concrete structures designed in accordance with ACI 359
should be as given in ACI 359 (Section CC3230)

5.4.4 Other SSCsImportant to Safety

5.4.4.1 Description of Other SSCsImportant to Safety

10 CFR 72.24 (a) and (b), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b), and (c) outline the
contents of the application, which includes design descriptions in sufficient detail to support
findingsin the SER. For other SSCsimportant to safety thiswould include text descriptions,

drawings, figures, tables, and specifications that would fully define the structural features of the
items identified.
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5.4.4.2 Design Criteria

The regulatory requirements given in 10 CFR 72.24(c)(1), (c)(2), and (c)(4); 10 CFR 72.40 (a)(1);
10 CFR 72.120 (@), and (b); 10 CFR 72.122 (a), (b), (c), (d), (), (9), (h), (i), (j), (k), and (I); 10
CFR 72.128 (a) and (b); and 10 CFR 72.236(b), (e), (f), (g), and (k) identify acceptable design
criteria.

Codes and Standards

The NRC accepts use of ANSI/ANS 57.9 and the codes and standards cited therein as the basic
references for ISFSI structures important to safety that are not designed in accordance with the
ASME B&PVC Section I11.

The principal included references applicable to steel structures and components are the following:

C AISC, “Specification for Structural Steel Buildings - Allowable Stress Design and Plastic
Design’

C AISC, “Code of Standard Practice for Steel Buildings and Bridges’
C AWSD 1.1, “Structural Welding Code-Steel”

C ASCE 7, “Minimum Design Loads for Buildings and Other Structures,” however, note
that the load combinations of ANSI/ANS 57.9 are to be used

5.4.4.3 Material Properties

Acceptable criteriafor materials used in all structural components and systems are givenin 10
CFR 72.24 (¢)(3).

5.4.4.4 Structural Analysis

Requirements for acceptable structural analysisare given in 10 CFR 72.24 (d)(2), (d)(2), and (i),
aswell as 10 CFR 72.122 (b)(1) and (b)(2), (), (d), (f), (9), (h), (i), (j), (K), and (I).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for all other SSCsimportant to safety shall identify all loading conditions
and combinations of loadings. The specification shall establish the design internal and external
pressures, the design temperatures, and all the design mechanical loads. The specification shall
identify all combinations of design loads which can occur simultaneously. The specification shall
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establish service loadings (with appropriate service limits), which are discussed as normal, off-
normal, and accident conditionsin this SRP.

5.4.5 Other SSCs
5.4.5.1 Description of Other SSCs

10 CFR 72.24 (@) and (b), 10 CFR 72.82 (¢)(2), and 10 CFR 72.106 (a), (b), and (c) outlines the
contents of the application, which includes design descriptions in sufficient detail to support
findingsin the SER. For other SSCs subject to NRC approval this would include text
descriptions, drawings, figures, tables and specifications that would fully define the structural
features of the itemsidentified.

5.4.5.2 Design Criteria

The regulatory requirements given in 10 CFR 72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.40 (8)(1);
10 CFR 72.120 (@), and (b); 10 CFR 72.122 (a), (b), (c), (d), (), (9), (h), (i), (j), (k), and (I); 10
CFR 72.128 (a) and (b); and 10 CFR 72.236 (b), (e), (f), (g), and (k) identify acceptable design
criteria.

Codes and Standards

The principal structural codes and standards for SSCs which are not important to safety but
which are subject to NRC approval include:

C ASCE 7

C Uniform Building Code (UBC)

C AISC, “Specification for Structural Steel Buildings, Allowable Stress Design and Plastic
Design’

C AISC, “Code of Standard Practice”

C ASME B&PVC, Section VIII

The above include acceptable load definitions and load combinations. Load definitions and |oad
combinations shown in Table 3-1 of NUREG-1536 have been accepted by the NRC for analysis
of steel and reinforced concrete ISFSI structures important to safety. These may also be used for
structures not important to safety.

5.4.5.3 Material Properties

Acceptable criteriafor materials used in all structural components and systems are givenin 10
CFR 72.24 ()(3).

5.4.5.4 Structural Analysis
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Requirements for acceptable structural analysisare given in 10 CFR 72.24 (d)(2), (d)(2), and (i),
aswell as10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (9), (h), (i), (j), (k), and (I).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for all other SSCs subject to NRC approval shall identify all loading
conditions and combinations of loadings. The specification shall establish the design internal and
external pressures, the design temperatures, and al the design mechanical loads. The
specification shall identify all combinations of design loads which can occur simultaneously. The
specification shall establish service loadings (with appropriate service limits), which are discussed
asnormal, off-normal, and accident conditions in this SRP.

L oad combinations for analysis of structures not important to safety but subject to NRC approval
should be as given in acceptable codes and standards. The load combinations givenin ACI 318
or the Uniform Building Code (UBC) are appropriate for SSCs not important to safety.

5.5 Review Procedures

The following procedures are generally applicable to the structural evaluation of all SSCs subject
to NRC approval.

Review the entire application, particularly the sections that describe the overall design and
operations, as given in Chapters 4 and 5 of the SAR; the design criteria and bases, and structural
evaluation information as given in Chapter 3; the accident analysisin Chapter 8 of the SAR; and
the operating controls and limitsin Chapter 10 of the SAR. If drawings and calculation packages
were submitted with the application, review those which are pertinent to the particular structure
being evaluated. From Chapter 3, ensure that al the components which are identified as
important to safety or otherwise require NRC approval have been included in Chapter 7.

5.5.1 Confinement Structures, Systems, and Components
5.5.1.1 Description of Confinement Structures

Review the descriptive material in the SAR. The text descriptions along with the drawings,
figures, tables, and specifications included in the application should fully define the confinement
SSCs.

The reviewer should determine if SSCsimportant to safety are described in sufficient detail in the
SAR or its supporting documentation to enable an evaluation of their structural and functional
suitability. The configurations are defined by drawings and fabrication specifications. The
specifications should include reference to the codes that govern design details not shown on the
drawings. The combination of the drawings, specifications, and proper application of the codes
and standards cited in the specifications or on the drawings accompanying the license
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application, should provide adesign that is so defined that final fabrication drawings and
specifications could be prepared without further information.

The structural components of a storage cask may include: the cask body (including an inner shell,
an outer shell, and gamma radiation shielding), any integral structural supports or lifting and
handling aids, inner lid (to be welded or bolted), port covers (to be welded or bolted), outer lid (to
be welded or bolted), neutron shields and shell, trunnions, fuel basket, exterior components
forming elements of the confinement boundary during storage, such as tubes and valves used to
monitor the pressure of the storage cavity, and impact limiters.

At aminimum, the SAR documentation should provide the following: (1) the dimensions of all
sections of the confinement structure, including locations, sizes, configurations, and weld
specifications, (2) structural materials with defining standards or specifications, including test
requirements such as brittle fracture testing, (3) fabrication, assembly, and test procedures for
assemblies and subassemblies, and (4) weld materials, and weld codes, including pre- and post-
heat requirements.

Coordinate with the confinement review Chapter 9 of this SRP to verify that the SAR clearly
identifies the confinement boundaries. The confinement boundaries may include the primary
confinement vessel, the penetrations, seals, welds, and closure devices. Any redundant sealing
joints should be described. Ensure that the applicant has provided proper specifications for all
welds and bolted closures.

Review the cal culations which quantify the weights and centers of gravity, and verify that the
applicant used limiting cases for structural evaluations.

Fabrication and Construction

The NRC has accepted fabrication of confinement casks in accordance with the ASME B&PVC,
Section I11. Any deviations from use of the particular Section (asidentified by the applicant) of
the ASME B&PVC, Section |11 used for design as the code for construction, fabrication, or
assembly of the confinement cask, must be explicitly justified in the SAR and accepted by the
NRC. The reviewer should especially address any specifications for preparation for welding,
materials to be used in welds, performance of welding, and inspection of welds that do not fully
comply with the Code.

5.5.1.2 Design Criteriafor Confinement Structures

For each of the confinement SSCs being reviewed, the reviewer should review the design criteria,
design bases, and design codes proposed by the applicant. In the event that the reviewer does
not concur with the SAR, the issue may be resolved to the staff’ s satisfaction by writing a
Request for Additional Information. Acceptable design criteriafor codes and standards are
discussed in Section 5.4.1.2.
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Review the confinement boundary weld designs for compliance with the design code used.
Acceptable weld design codes appear in the ASME Code Section 111, Sections NB-3352 and NC-
3352, “Permissible Types of Welded Joints,” and NB-4240 and NC-4240, “ Requirements for
Weld Joints in Components.” Welds must be well characterized on drawings using standard
welding symbols and/or notations as discussed in American Welding Standard (AWS) A2.4.

The NRC has previously accepted alternative confinement boundary weld designs that achieve
equivalent structural integrity, but do not meet al the provisions of NB-3352 or NC-3352 for fulll
penetration welds or do not meet the non-destructive examination (NDE) requirements for full
volumetric examination (NB-5200 or NC-5200, typically for Category C welded joints). The
NRC has accepted alternative designs for the welds of the head or flat end plate to the cylindrical
portion of the confinement vessel. The NRC has required redundant seals for these aternative
designs.

Structural Acceptance Testing

The NRC has accepted use of the codes and standards used for design of the confinement SSCs
asthe basis for structural acceptance testing. These codes may incorporate other codes,
standards, and specifications by reference. The reviewer should verify that for the confinement
system, the ASME Section 111, Section NB or NC, depending on the Section used for design, is
specified for acceptance testing. The reviewer should verify that for the cask internals, (e.g.,
basket) the ASME Section |11 is specified for acceptance testing.

Confirm that cask components are fabricated and examined in accordance with an accepted
standard used for their design, in overview: Section Il (“Materials Specifications and
Properties’), Section V (“NDE Specifications and Procedures’), and Section IX (“Qualification
Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing
Operators’).

The reviewer should verify that NDE of weldmentsiswell characterized on drawings, using
standard NDE symbols and/or notations (as given in AWS A2.4). Check the appropriate
documents for a detailed, weld inspection plan in accordance with an approved Quality
Assurance program that complieswith 10 CFR 72, Subpart G. The inspection plan should:

C include visua tests (VT), dye penetrant tests (PT), magnetic particle tests (M T), ultrasonic
tests (UT), and radiographic tests (RT), as applicable.

C identify welds that will be examined

C include the examination sequence

C identify the type of examination

C state the appropriate acceptance criteria
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C require that inspection personnel be pre-qualified in accordance with the current revision
of SNT-TC-1A (as specified by the ASME B&PVC).

The reviewer should verify that confinement boundary welds and welds for components
performing redundant sealing meet the requirements of ASME B& PV C Section |11, NB-5200 or
NC-5200. Thisgenerally requires RT or UT for volumetric examination and either PT or MT for
surface examination. Redundant seal welds for the confinement boundary which do not meet
the configuration for a“pre-qualified,” full penetration weld according to the ASME B&PVC,
should be avoided in the design process. When apre-qualified, full penetration weld cannot be
used, every effort should be made to permit full volumetric inspection of the weld by means of
UT techniques in conformance with NB-5330 or NC-5330.

The NRC has accepted multiple surface examinations of welds combined with helium leak tests
for ingpecting the final redundant seal welded closures. The reviewer should verify that PT tests
are performed in accordance with ASME B& PV C Section V, Article 6. Acceptance criteriafor
confinement welds should be in accordance with ASME B& PV C Section 111 NB-5350 or
NC-5350. Repair procedures should be in accordance with NB-4450 or NC-4450.

Confirm that RT tests are in accordance with ASME B& PV C Section 11, NB-5320 or NC-5320.
Confirm that UT tests are in accordance with NB-5330 or NC-5330. Repaired welds should be
reexamined in accordance with the original examination method and associated acceptance
criteria.

Fabrication controls and specifications should be in place and field verifications performed to
prevent post-welding operations (such as grinding) from compromising the design requirements
(such aswall thickness). The specifications should be clear that reduction of wall thickness at the
weld region is not acceptable.

Structural Pressure Testsand Leak Tests

Confirm that the confinement boundary (including that of the redundant sealing) will be tested at
an overpressure, in accordance with ASME B&PVC, Section I11, Article NB-6000 or NC-6000.
10 CFR 72.122 requires that the cask system be designed to withstand postul ated accidents. The
pressure test should be at a pressure level that is not less than the maximum cask cavity pressure
with 100 percent failure of the fuel rods. The test pressure should be maintained for a minimum
of 10 minutes, after which avisual inspection should be performed to detect any leakage. All
accessible welds shall be PT inspected. The test pressure should be clearly specified in the SAR.

Confirm that leak tests will be performed on all confinement boundaries. These include the
primary confinement boundary, the boundary of the redundant sealing, and, if applicable, any
additional boundaries used in the pressure monitoring system. Leakage criteriain units of std
cc/smust be at |east as restrictive as those specified in the principa design criteria. The general
testing methods (e.g., pressure rise, mass spectrometer) and the required sensitivities should aso
beindicated. If cask closure depends on more than one seal (e.g., lid, vent port, drain port), the

NUREG-1567 5-24



SECTION 5 INSTALLATION AND STRUCTURAL

leakage criteria should ensure that the total |eakage is within the design requirements. The
reviewer should verify that leak testing will be conducted in accordance with ANSI N14.5.

Cask Closure Welds After Fuel Loading

The reviewer should verify that, if the applicant proposes to use the special considerations for
loaded dry storage canister top end closure welds described in section 5.4.1.2, that the applicant
adequately describes how the requirements of section 5.4.1.2 will be met.

5.5.1.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the structural analysis are appropriate for the load condition (i.e. hot or cold temperature)
and that the appropriate temperature at which allowable stress limits are defined is consistent with
service temperatures.

For each of the confinement SSCs being reviewed, determine what structural materials are
specified, and verify that the information defining the materials is consistent with the accepted
design codes and standards. Acceptable material requirements are discussed in Section 5.4.1.3.
Chapter 3, Section V of NUREG-1536 provides a comprehensive discussion of review
procedures for materials.

In reviewing the structural materials, consider the source of the information. If the applicant has
selected the ASME B& PV C Section |11 for the design code, then the material properties should
be taken from Section |1 of the Code. Confinement vessels may use components which have no
structural role except that the mass must be considered. 1n such cases, sources of material
properties need not be taken from Section I of the Code; however, preferred sources include
industry and Government standards and specifications.

For ASME B&PVC, Section |11, Section NB or NC applications, additional material requirements
regarding examination prior to fabrication, testing, analyses, and traceability are applicable.
Compliance with the requirements of the following Section |11 paragraphs, or their equivalent,
must be acknowledged in the SAR: NB-2121 or NC-2121 (Permitted Material Specifications),
NB-2130 or NC-2130 “ Certification of Material,” NB-2500 or NC-2500 “ Examination and Repair
of Pressure Retaining Materia,” and NB-2400 or NC-2400 “Welding Material.”

Review the structural materials that are in direct contact with each other and with other materials,
and verify that they will not produce a significant chemical or galvanic reaction and initiate
corrosion or generate combustible gas. NRC Bulletin 96-04, “Chemical, Galvanic, or other
Reactions in Spent Fuel Storage and Transportation Casks,” may be referred to for additional
information on this topic. Evaluate the potential for corrosion to ensure that the applicant has
provided for appropriate corrosion alowance for materials susceptible to corrosion.

Review the test procedures and performance specifications in the SAR for any material which
has the potential for brittle fracture at |ow operational temperatures. The reviewer should verify
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that limiting conditions of operation in the technical specifications chapter of this SRP are
specified for such materials. Ensure that consistent test procedures are cited in the SAR and that
they are applicable. Section |11 of the ASME B& PV C has consistent test procedures and
performance requirements for primary confinement vessels (i.e., Sections NB and NC); however
the reviewer may require testing to prevent brittle fracture for internal basket components which
exceed the Code requirements (i.e., Subsections NF and NG) for some materials and/or material
thicknesses. The basisfor thisisthat two functions of basket components are to prevent
criticality and ensure ready retrievability. These functions are outside the scope and intent of
Subsections NF and NG. Regulatory Guides 7.11 and 7.12 may be referred to for determining the
bases for brittle fracture.

5.5.1.4 Structural Analysis

The reviewer should verify that the design analyses include determination of the sources of
expressions used, properties used for structural materials and components, and data derived by
other cal culations and assumptions.

Load Conditions

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures for all confinement structures presented in the SAR correspond to the same
temperatures given in the thermal stress analysis.

Coordinate with the operating system review in Chapter 3 of the SRP to verify that the
configuration of the confinement structure (i.e., storage cask in atransfer component, or storage
cask on the storage pad or in the spent fuel pool, etc.) corresponds to the same configuration
used in the various load conditions and |load combinations.

Chapter 3, Section V of NUREG-1536 has a detailed discussion of appropriate review procedures
for the structural analysis of casks. The following discussion briefly outlines load conditions
which are necessary to meet the structural requirements of 10 CFR 72: normal conditions, off-
normal conditions, and accident conditions (including natural phenomena).

Normal Conditions

Normal conditions are associated with the normal range of environments for operations and
storage. The limits of normal use environments are supported by the Environmental Report, Site
Characteristics, and/or the Operating Procedures.

Loads normally applicable to a confinement cask are weight, internal/external pressure, and
thermal loads caused by temperature gradients. Normal conditions include handling and transfer
operations. The weight isthe maximum or design weight of the cask asit is stored and |oaded
with spent fuel. However, for certain operation and procedures, the weight should include water
fill. All orientations of the cask body and closure lids during normal operations and storage
conditions should be evaluated.
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The reviewer should verify that the stressintensity level is below the stress limits for dead weight,
pressure, normal handling and transfer operations, thermal loadings, and all load combinations
(i.e., Service Levels A and B of the ASME B&PVC). Thereviewer should verify that the
maximum weight is used and that all normal temperature conditions are considered. The
reviewer should verify that the maximum temperature gradient is considered.

Off-Normal Conditions

Off-normal conditions are considered to include those events that may reasonably be expected to
occur during the life of the cask system and that exceed normal conditions. Environmental limits
should be stated to support comparison of the cask system design bases with specific site
environmental data. Off-normal conditions can involve mishandling, simple negligence of
equipment operators, equipment malfunction, loss of power, and severe weather (short of
extreme natural phenomena).

The reviewer should verify that the stressintensity level is below the stress limits for off-normal
conditions and load combinations (i.e., Service Level C of the ASME B&PVC).

Accident Conditions

Coordinate with the accident analysis review in Chapter 15 of this SRP to verify that al accidents
presented in that chapter have been adequately analyzed for structural integrity. Accident
conditions are considered to include events that exceed the levels associated with off-normal
conditions. Hypothetical accidents may or may not actually occur in the design life of the SSC;
however, the reviewer must verify that the structure has been designed to resist the accidents.
The reviewer should verify that al accidents have either been analyzed, or alternatively, that the
effects of the accident have been shown to be bounded by another credible accident event.

The NRC accepts that the confinement system may experience some permanent deformation but
no loss of confinement or other safety function in response to accident conditions. The reviewer
should verify that the stress intensity level isbelow the stresslimits for all accident conditions and
accident load combinations (i.e., Service Level D of the ASME B& PV C). Other SSCs important
to safety may experience some deformation and limited damage in response to accident
conditions, if thisis readily apparent and remedial actions are identified.

The following accidents should be included as a part of the analysis submitted in the SAR for
confinement SSCs. For amore detailed discussion of these accidents, see Chapter 3 of the
NUREG-1536.

Cask Drop

The SAR should identify the operating environment experienced by the cask and the drop events

(end/side/corner) that could result. The “operating environment” includes the configuration of
the confinement SSCs, i.e., a storage cask impacts a storage pad horizontally, or a storage cask
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inside atransfer component impacts a spent fuel pool floor vertically. The reviewer should verify
that the impact surface is characterized sufficiently to quantify the deceleration level.

The maximum height above a receiving (impact) surface to which the cask could be lifted should
be used for the design basis accident drops, if the hypothetical drops occur outside of a spent fuel
pool building. The analysis should recognize that adrop may involveinitial impact with the
storage confinement cask at awide range of orientations. Further, different orientations at the
time of initial impact can result in the highest stresses for different elements of the confinement
cask and itsinternal components. The reviewer should verify that the worst drop cases have been
examined and that the stressintensity level isbelow the stresslimit (i.e. Service Level D of the
ASME B&PVC).

Cask Tip-over

The NRC requires that occurrence of a cask tip-over be assumed and analyzed. For thisanalysis,
the NRC will accept cask tip-over about alower corner onto areceiving surface from a position
of balance with no initial velocity. The NRC has aso accepted analysis of cask drops with the
longitudinal axis horizontal, which together with a drop with the longitudinal axis vertical, could
bound a non-mechanistic tip-over analysis.

Explosive Overpressure

Coordinate the structural review with Chapters 2 and 15 to determine what scenarios were
considered in the SAR for explosive overpressure. Explosion-caused overpressure and reflected
pressure may result from sources such as. explosion hazards associated with explosives, fuels,
and chemicals transported by rail or on public highways; natural gas pipelines; vehicular fires
involving equipment used in the transfer of casks; and aircraft crash. With the exception of
transfer vehicle accidents, the explosion hazards are typically similar to those for facilities subject
to 10 CFR Part 50 reviews.

As an accident condition, the structures are not required to survive an explosion’ s effects without
damage or permanent deformation. The maximum response should be determined and should
be shown in the SAR documentation. The reviewer should verify that the component’s
confinement integrity is maintained by showing that the stress intensity level is below the stress
limit (i.e., Service Level D of the ASME B&PVC). Note, the “explosive overpressure” is not
meant to be that from a sabotage event. Thereis currently no design basis sabotage event.

Fire

To check if ahypothetical fire accident was considered, coordinate the structural review with
Chapter 2, Site Characteristics, and Chapter 15, Accident Analysis. If afire was postulated,
determine from Chapter 6, the thermal evaluation chapter of the SRP, what the response of the
confinement cask was. The structural evaluation for fire should include increased pressuresin the
confinement cask. Allow for temporary loss of strength at elevated temperatures and permanent
loss of strength because of annealing. The reviewer should verify if the response included
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physical destruction (e.g., surfaces of concrete exposed to intense or prolonged high
temperatures).

Flood

Coordinate the structural review with the site characteristics, and identify the severity and
frequency of potential flooding. Flood control or mitigation measures should be included in the
installation design for the site. Regulatory Guides 1.59, “Design Basis Floods for Nuclear Power
Plants,” and 1.102, “Flood Protection for Nuclear Power Plants,” provide guidance for flood
protection.

Confirm that the resistance of the confinement cask to flood hydrostatic pressureis analyzed in
accordance with ASME B&PVC, Section I11, Section NB or NC (depending on the Section used
for design). Table 3-1in NUREG-1536 includes analyses for tip-over and diding that are
applicable to potential flood forces on an exposed cask and other structures. The reviewer should
verify that the confinement cask does not tip over or slide due to the effects of a potential flood.

Tornado Winds

Coordinate with Chapters 2 and 15 of this SRP to determine what wind conditions are applicable
to the facility. Regulatory Guide 1.76, “Design Basis Tornado for Nuclear Power Plants,” and
NUREG-1503 provide applicable tornado parameters. ANSI/ANS 57.9 provides acceptable
criteriafor resistance to overturning or sliding. ASCE 7 provides an acceptable conversion of
wind speed to lateral pressure and coefficients for pressure coefficients.

Confinement casks are generally not vulnerable to damage from overpressure or negative
pressure associated with tornadoes or extreme winds. However, they may be vulnerable to
secondary effects, such as wind-borne missiles or collapse of aweather enclosure or adjacent
stack. Tornado or extreme winds have been agoverning load condition in prior reviews for major
structures (other than confinement casks) that form part of an ISFSI system.

The NRC has maintained a position that warning of tornadoes should not be assumed.
Therefore, the effects of tornadoes during operations such as transfer between the pool facility
and a storage site must be evaluated. The reviewer should verify that the confinement cask does
not tip over due to the effects of tornado winds.

Tornado Missiles

Tornado winds and missiles are described in Regulatory Guide 1.76, NUREG-1503, and
NUREG-0800 (Section 3.5.1.4). Thereviewer should verify that the SAR has defined the missile
parameters for which the cask system isevaluated. NUREG-0800 (Section 3.3.2) states that the
most adverse combined effects of tornado winds, tornado missiles, and tornado differential
pressure should be evaluated. The reviewer should verify that the combined effects of tornado
loading does not cause atip-over. Confirm from the calculations that damage to the confinement
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cask does not result in release of radioactive material, unacceptabl e radiation dose, or preclude
ready retrieval of the fuel.

The NRC has accepted use of the analytical approaches givenin ORNL-NSIC-5, Volume 1,
Chapter 6 for estimating the potential effects of missile impact on steel sheets, plates, and other
structures. Further guidance on acceptable analytical approachesisin NUREG-0800 Section
3.5.3, “Barrier Design Procedures.” The NRC has accepted use of Kennedy, R.P., “A Review of
Procedures for the Analysis and Design of Concrete Structures to Resist Missile Impact Effects,”
for analysis and design of reinforced concrete structures to resist missiles.

Earthquake

The reviewer should verify that the confinement SSCs are designed to maintain principal safety
functions during the maximum response to an earthquake. The design earthquake is that
developed from the analysis of the site and reported in the Environmental Report and SAR Site
Characteristics. Confirm that the design earthquake in Chapter 2 and 15 of the SRP corresponds
to the value used in the structural evaluation. The design earthquake shall not be less than that
required for the site by 10 CFR 72.102. The reviewer should verify that regulatory guidance as
provided in Regulatory Guides 1.29, “ Seismic Design Classification;” 1.60, “Design Response
Spectrafor Seismic Design of Nuclear Power Plants;” 1.61, “Damping Vaues for Seismic Design
of Nuclear Power Plants;” 1.92, “Combining Moda Responses and Spatial Components in
Seismic Response Analysis;” and NUREG-0800 has been appropriately followed.

Storage confinement casks and SSCs are not required to survive accident-level earthquakes
without permanent deformation; however, the reviewer should verify that the stressintensities are
lessthat the stress allowable (i.e., Service Level D of the ASME B&PVC). Thereviewer should
verify that the confinement cask does not tip over or slide due to the effects of the seismic event.

Structural AnalysisMethodsfor Confinement Structures

NUREG-1536 has a detailed discussion of structural analysis methods and procedures which are
appropriate for evaluating structural integrity of confinement SSCs. These proceduresinclude
discussion of finite element methods, closed-form calculations, and prototype or scale model
testing.

Valuesfor the stressintensity limits, based on the maximum shear stress theory for ductile
materials, are defined in the ASME B& PV C. Confirm that the stress intensities are bel ow the
stress limits for al load conditions and load combinations.

Compare, when feasible, solutions from finite-element analyses with closed-form calcul ations.
For example, the stress state caused by internal pressure in the cask can be checked with the
formulasfor the stressin acylinder with end-caps. A source of closed-form equations for stress
analysiswhich is accepted by the NRC is Young’s Roark’ s Formulas for Stress and Strain.
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Prototype or scale model testing may be performed in lieu of impact analysis for cask drop
conditions or to support analytical results. Drop tests may be performed to obtain an equivalent
static load to be used in analysis. Various methods may be used to obtain key datafor the
impact, or target surface, and the engineered foundation including the spring constants.

When test results are submitted in the SAR, verify proper scale parameters, including distribution
of loadings (weights), geometry (dimensions), and material properties of the cask.

Structural Analysisfor Specific Cask Components

A few specific examples of structural analysisfor some of the confinement cask components are
listed below:

Trunnions

The reviewer should verify the adequacy of the design of the trunnions, their connections with
the cask body, and the cask body in the area around the trunnions. The trunnions can be either a
single-load path or a dual-load path design. In either case, the design should meet the
requirements of ANSI N14.6 or NUREG-0612 for critical loads.

Lifting trunnions should be fabricated and tested in accordance with ANSI N14.6. Since the cask
isconsidered to be a critical load during handling at heights higher than design drop heights (i.e.
lifting in the pool building facility), verify that trunnion testing is performed at a minimum of 150
percent of the maximum service load if adual-load path is employed or at 300 percent of the
service load if asingle-load path isused. Confirm that any restrictions on cask lifting, resulting
from these tests, isincluded in Chapter 12 of the SAR and in the Technical Specificationslisted in
the SER.

Fuel Basket

The reviewer should verify that the weight supported by the basket is the maximum or design
weight of spent fuel. Consider all credible orientations of the cask and basket during cask drop.
End or side drops typically produce the greatest structural demand on various basket
components. Compare the stress intensity level of the fuel basket components with stress limits
(i.e., Service Level D of the ASME B&PVC).

Evaluate the buckling capacity of the basket. Acceptable guidance for evaluating the buckling
capacity of cask basket materialsisgiveninthe ASME B&PVC, Section 111, Appendix F, and in
NUREG/CR-6322.

ClosureLid Bolts

Review the analysis of closure lid bolts (if used in the design). The reviewer should verify that

the combined effects of weight, internal pressure(s), thermal stress, O-ring compression force,
cask impact forces, and bolt pre-load are used. The weight used in the analysis should be the
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maximum or design weight of the closure lids and any cask components supported by the lids.
Acceptable methods for analysis of closure bolts are given in NUREG/CR-6007.

Buckling of Irradiated Fuel Under Bottom End Drop Conditions

If the applicant uses the analytical method described by Lawrence Livermore National
Laboratory (LLNL) in report UCID-21246, for axial buckling to assess fuel integrity for the cask
drop accident, the reviewer should verify that the analysis uses the irradiated material properties
and includes the weight of fuel pellets.

Alternately, it is acceptableif the applicant uses an analysis of fuel integrity which considersthe
dynamic nature of the drop accident and any restraints on fuel movement resulting from cask
design, if the analysis demonstrates that the cladding stress remains below yield. If afinite
element analysisis performed, the analytical model may consider the entire fuel rod length with
intermediate supports at each grid support (spacer). Irradiated materia properties and weight of
fuel pellets should be included in the analysis.

5.5.2 Pool and Pool Confinement Facilities
5.5.2.1 Description of Pool Facilities

Review the descriptive material in Chapter 1 of the SAR and the descriptive information in
Chapter 3 of the SAR. The text descriptions along with the drawing figures, tables, flow
diagrams, and specificationsincluded in the application should fully define the pool facilities.
Review the description of SSCsimportant to safety, and verify that there is sufficient detail to be
able to proceed with the evaluation of the structural integrity and functiona suitability. The
configurations should be defined by drawings and fabrication specifications. The specifications
should include references to the codes which govern the design details. The reviewer should
verify that the combination of the drawings, specifications, appropriate codes and standards, and
supporting calculations are sufficient.

A pool and pool confinement facilities involve a broader range of components and systems than
the confinement structures. However the staff anticipates adiversity of pool facilities ranging
from existing conventional pools designed under 10 CFR Part 50 requirements to site-specific
designs used for limited, short-duration, wet transfer operations. The facilities may be comprised
of some of the following elements which will require verification of structural integrity:

C pool structure, structural supports, and components that form the primary hydraulic
confinement, water level control, cooling, and clean-up systems, such as piping, valves,
pumps, filters, monitoring stations, and feeders

C pool components that provide for positioning the radioactive materials within the pool to
ensure subcriticality (racks), accessibility, and compatibility with lifting interfaces
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C pool components that ensure against improper movement of transfer or storage casks
during wet loading and unloading operations

C secondary hydraulic containment that precludes releases to the surface or subsurface
environment that might result from leaks or rupture of elements of the primary hydraulic
containment, including equipment and floor drainage system

C SSCs associated with lifting, loading, unloading, transfer, or other handling of ISFSI/MRS
vessals, transfer or transportation casks, other shielding vessels, or radioactive materia to
be stored

C enclosure(s) of the pool and operations that involve loading, unloading, and handling of
the subject radioactive materials and other SSCs forming structural elements of the
confinement boundary

C emergency power capability necessary to maintain safe conditions and monitor
radioactivity
C internal waste collection and/or confinement, demineralized water make-up system,

compressed air system for cask dewatering system (if used)

C SSCs providing compartmentalization and secondary confinement boundaries within (or
coincident with) a pool facility’ stertiary confinement barrier, such asfor control room,
electrical and machinery rooms, cask system component holding and inspection,
personnel changing and showers, personnel decontamination and monitoring, health
physics, and technical and administrative spaces.

Other ISFSI or MRS equipment that may be used within and outside the pool facility or that is
used for lifting or transfer within the facility, but is not installed in the facility, such as cranes or
conveyance systems, is addressed as “other SSCsimportant to safety” or “other SSCs.”

Coordinate with the confinement review, Chapter 9 of this SRP, to verify that the SAR clearly
identifies the confinement boundaries associated with the pool and pool facilities.

5.5.2.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteriaand design bases are
from the SAR. Confirm that the design criteria comply with acceptance criteriaas outlined in
Section 5.4.2.2.

Depending on the type of usage, i.e., long-term storage or short-term wet transfer, verify that the
appropriate criteriaare applied. ANSI/ANS57.2 is appropriate for long-term, aswell as short-
term storage, whereas ANSI/ANS 57.7 may be more appropriate for short-term storage or wet
transfer operations.
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The reviewer should verify that the following sections of NUREG-0800 (Section 9.1.2) are
adequately addressed:

C General Design Criteria 2, asit relates to structures housing the facility and that the facility
is capable of withstanding the effects of natural phenomena such as earthquakes,
tornadoes, and hurricanes.

C General Design Criteria 4, asit relates to structures housing the facility and that the facility
is capable of withstanding the effects of environmental conditions and external missiles
such that safety functions are not precluded.

C General Design Criteria5 asit relates to shared structures, systems and components.

C General Design Criteria 61 asit relates to the facility design for fuel storage and handling
of radioactive materials.

C General Design Criteria 62 as it relates to the prevention of criticality of the fuel by means
of physical systems.

5.5.2.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP to verify that the material properties
used in the structural analysis are appropriate for the load conditions and that the appropriate
temperature at which the stress limits are defined is consistent with service temperatures. For
each of the SSCs being reviewed, determine what structural materials are specified (e.g.,
reinforced concrete, steel, etc.), and verify that the material properties conform with the accepted
design codes and standards. Section 5.4.2.3 gives references to acceptable codes. Review
structural and other materials, and verify that they will produce no significant chemical or
galvanic action or cause corrosion degradation that could adversely affect the safety function.

5.5.2.4 Structural Analysis

Design analyses should be prepared such that they may be audited to permit determination of the
sources of expressions used, properties used for structural materials and components, and data
derived by other cal culations and assumptions.

Confirm that the design analysis includes codes and standards, design documentation, and design
conditionsfor: (1) the spent fuel storage and cask handling pools, (2) the spent fuel cask and fuel
assembly handling systems, (3) spent fuel storage racks, (4) fuel pool water makeup, cooling, and
cleanup systems, (5) heating, ventilating and air conditioning equipment, (6) fuel storage
buildings, and (7) electrical power, 1& C and communications, as described in ANSI/ANS 57.2
and/or ANSI/ANS 57.7.

If ANSI/ANS 57.2 is used, the review should verify that the SSCs meet the following General
Design Criteria (GDC) from 10 CFR Part 50, Appendix A:
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C

GDC 2: Confirm that regulatory position C.2 of Regulatory Guide 1.13, applicable
portions of Regulatory Guides 1.29, 1.117, “ Tornado Design Classification,” and
appropriate paragraphs of ANSI/ANS 57.2 are met.

The reviewer should verify by review of supporting documentation and appropriate staff
confirmatory calculations that position C.2 of Regulatory Guide is met. Position C.2
states that the pool facility should be designed to keep tornado winds and missiles
generated by tornado winds from causing significant loss of watertight integrity of the fuel
storage pool and to prevent tornado driven missiles from contacting the fuel stored in the
pool.

GDC 4: Confirm that regulatory position C.2 of Regulatory Guides 1.13, 1.115,
“Protection Against Low-Traectory Turbine Missiles,” and 1.117, aswell as appropriate
paragraphs of ANSI/ANS 57.2 are met.

GDC 5: Confirm that SSCsimportant to safety are capable of performing the required
safety function.

GDC61: Confirm that positions C.1 and C.4 of Regulatory Guide 1.13 and appropriate
paragraphs of ANSI/ANS 57.2 are met.

The reviewer should verify by review of supporting calculations or independent staff
confirmatory calculations that positions C.1 and C.4 of Regulatory Guide 1.13 are
satisfied. Position C.1 states that the fuel storage facility, including its structures and
facilities (with some exceptionsin C.6), should be designed to Category | seismic
requirements. Position C.4 states that a controlled leakage building should enclose the
fuel pool. It should be equipped with an appropriate ventilation and filtration system to
limit the potential release of radioactive materials. Although the building need not be
designed to withstand extremely high winds, |eakage should be suitably controlled during
fuel transfer operations. The ventilation and filtration system should be based on the
assumption that the cladding of al the fuel rods in one fuel bundle might be breached.

GDC 62: Confirm that positions C.1 and C.4 of Regulatory Guide 1.13 and appropriate
paragraphs of ANSI/ANS 57.2 are met.

Confirm that the handling of heavy loads (e.g., a spent fuel storage cask or spent fuel
shipping cask) conforms with the guidance given in NUREG-0612.

Drop of a confinement cask may include secondary effects with safety implications, such as:
deformation of interior structural SSCs that may preclude ready retrievability of the stored
materials, structural damage and possible rupture of the pool (without loss of coolant that would
uncover the fuel), damage to radioactive materialsin the pool, and damage to the transfer cask
and/or radiation shielding. These may also involve analyses addressed under the other structural
evaluation categories such as the pool and pool facilities, reinforced concrete structures, and other
SSCsimportant to safety.
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Regulatory Guide 1.120, “Fire Protection Guidelines for Nuclear Power Plants,” provides
guidance for fire protection, where applicable, to some confinement systems such as the spent
fuel pool area.

5.5.3 Reinforced Concrete Structures
5.5.3.1 Description of Concrete Structures

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along with
the drawings, figures, tables, and specifications included in the application should fully define the
reinforced concrete structures. The configurations are defined by drawings and fabrication
specifications. The specifications should include reference to the codes that govern the design
details. The reviewer should verify that the combinations of drawings, specifications, appropriate
codes and standards, and supporting calculations are sufficient.

Confirm that, at a minimum, the SAR documentation provides the following: (1) the dimensions
of al sectionsthat have a structural role including locations, sizes, configuration, spacing,
enclosure (e.g., spirals, stirrups), and depth of cover or reinforcement for the reinforced concrete
SSCs, (2) structural materials with defining standards or specifications, (3) location and
specifications for control, contraction, and construction joints, and (4) fabrication codes and
standards.

5.5.3.2 Design Criteria

For each of the concrete SSCs being reviewed, determine what the design criteriaand design
bases are from the SAR. Confirm that the design criteria comply with the acceptance criteria
outlined in Section 5.4.3.2.

5.5.3.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the concrete structural analysis are appropriate for the load condition and that the
appropriate temperature at which the strength limits are defined is consistent with service
temperatures.

For each of the concrete structures being reviewed, determine what structural materials are
specified (e.g., concrete composition, reinforcing material, and embedments, etc.), and verify that
the material properties conform with the accepted design codes and standards. Section 5.4.3.3
gives complete references for cement type, aggregates, reinforcing, and embedments.

5.5.3.4 Structural Analysis
Design analyses should be prepared such that they may readily be audited to permit

determination of sources of expressions used, properties used for structural materials, and data
obtained by other calculations and assumptions.
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Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures (where applicable) for al concrete structures presented in the SAR correspond to the
same temperatures and pressures given in the thermal loads analysis.

Coordinate with the operation systems review in Chapter 3 of this SRP to verify that the
configuration of the concrete structure (i.e., shielding cask or module on the concrete storage pad
or shielding cask with confinement cask lift, etc.) corresponds to the same configuration which is
used in the various load conditions and load combinations.

Normal Conditions

Normal conditions of concern for concrete structures are: (1) live and dynamic loads associated
with transfer of the confinement cask, and installing closures, (2) load or support conditions
associated with differential settlement of foundations, and (3) thermal gradients associated with
normal operations and ranges of ambient temperatures.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 codeis used for confinement
concrete structures, verify that the allowable stresses are not exceeded for normal conditions.
The reviewer should verify that the maximum weight is used and that all normal ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
is considered.

Off -Normal Conditions

Off-normal conditions of concern for concrete structures may include: (1) live and dynamic loads
associated with equipment or instrument malfunctions, accidental misuse during transfer
operations, (2) loads arising from jamming a confinement cask into a concrete structure, (3)
impact loads on a concrete structure by a suspended transfer, confinement or storage cask, and
(4) off-normal ambient temperature conditions.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 code is used for confinement
concrete structures, verify that the allowable stresses are not exceeded for off-normal conditions.
The reviewer should verify that the maximum weight is used and that off-normal ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
for the off-normal temperature is considered.

Accident Conditions
Coordinate with the accident analysis review in Chapter 15 of this SRP to verify that al accidents
presented in that chapter have been adequately analyzed for structural integrity. Accident

conditions which may be of concern to concrete structures include: (1) loads associated with
accidental drops during transfer and handling operations of the confinement cask, (2) conditions
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arising from extreme thermal gradientsin the concrete sections, (3) response to earthquakes, (4)
tornadoes and tornado-driven missiles, (5) floods, (6) fires, (7) concrete cask drop, and (8)
explosive overpressure.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 code is used for confinement
concrete structures, verify that the allowable stresses are not exceeded for accident conditions.
The reviewer should verify that the maximum weight is used and that maximum ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
is considered.

The ACI codes are intended to ensure ductile response beyond initia yield of structural
components, regardless of the excess of capacity at yield over the maximum accident-level event.
ACI 349 imposes additional conditions on design (over those of ACI 318) that increase the
ductility.

Structural Analysis Methodsfor Concrete Structures

The reviewer should verify that the concrete structures conform with the respective code
reguirements as given below.

Strength Design

The NRC accepts strength design as presented in the current ACI 349 for concrete structures
important to safety. Strength (or “Ultimate Strength”) design is the usual approach used in
American concrete design. Strength design is the only design approach that has been accepted
for ISFSI or MRS concrete structures not within the scope of ACI 359. Strength design isthe
approach used in the current ACI 318 and ACI 349 codes. Determination that a concrete
structure designed by another approach satisfies ACI 349 typically requires clause-by-clause
review of the code for compliance.

Allowable Stress Design

The procedures of ACI 359 constitute an alowable stress design approach. The NRC does not
accept an allowabl e stress design approach for SSCs not within the scope of ACI 359.
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5.5.4 Other SSCsImportant to Safety
5.5.4.1 Description of Other SSCsImportant to Safety

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along with
the drawings, figures, tables, and specifications included in the application should fully define the
other SSCsimportant to safety. The configurations are defined by drawings and fabrication
specifications. The specifications should include reference to the codes that govern the design
details. The reviewer should verify that the combinations of drawings, specifications, appropriate
codes and standards, and supporting calculations are sufficient.

Confirm that, at aminimum, the SAR documentation provides the following: (1) the dimensions
of al sectionsthat have a structural role including locations, sizes, configuration, and spacing, (2)
structural materials with defining standards or specifications, (3) location and specifications for
assembly and weld joints, and (4) fabrication codes and standards.

Other SSCs important to safety are considered to be those SSCs not addressed in the other
categories. These may include:

C transfer cask used to transfer the confinement cask to and from the storage area

C transfer and shielding vessel used to transfer radioactive material to or from the storage
cask within a confinement barrier (such asfrom a pool to a storage cask to avoid
immersion or lifting of the storage cask)

C non-concrete structures that support or shield the confinement cask during storage
(excluding pads or hardstands for placement of moveable cask systems)

C lifting slings, spreaders, hooks, eyes, shackles, etc. used in liftsin which failure of a SSCs
could jeopardize the basic safety requirements

C non-concrete foundations for structures important to safety (excluding pads or hardstands
for placement of moveable cask systems), such as piles

C emergency power facilities and equipment and other electric equipment, if required to
maintain nuclear materialsin a safe condition in agenera power outage. [Note: Thereis
no safety requirement that handling or testing operations be continued during a power
outage. Certified cask systems must be safe in storage without active systems.]

C SSCs associated with contaminated waste handling, treatment, reduction, packaging, and
on-site storage

C SSCs associated with on-site inter-modal transfer of nuclear material containers, such as

cranes used at truck, rail and barge/ship docks[Note: The cranes may not be important to
safety depending on acceptable safety analysis.]
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C SSCswhose response to accident conditions could have unacceptabl e consequences for
maintenance of the basic safety requirements for the ISFSI/MRS (subcriticality,
containment, radiation level limits, and retrievability)

5.5.4.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteriaand design bases are
from the SAR. Confirm that the design criteria comply with the acceptance criteriaoutlined in
Section 5.4.4.2. The general structural requirements preclude unacceptable risk of criticality,
unacceptable release of radioactive materials to the environment, unacceptabl e radiation dose,
and impairment of ready retrievability of stored materials.

5.5.4.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the structural analysis are appropriate for the load condition and that the appropriate
temperature at which the strength limits are defined are consistent with service temperatures.

For each of the structures being reviewed, determine what structural materials are specified (e.g.,
structural steel, etc.), and verify that the material properties conform with the accepted design
codes and standards. Ensure that material properties which vary as afunction of temperature,
radiation, or other environments are adequately defined. The reviewer should verify that
materials subject to corrosion and other degradation mechanisms are adequately protected or
otherwise accounted for.

5.5.4.4 Structural Analysis

Design analyses should be prepared such that they may be readily audited to permit
determination of sources of expressions used, properties used for structural materials, and data
obtained by other cal culations and assumptions.

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures (where applicable) for all other SSCsimportant to safety, presented in the SAR,
correspond to the same temperatures and pressures given in the thermal loads analysis.

Coordinate with the operation systems review in Chapter 3 of the SRP to verify that the
configuration of the other SSCs (i.e. transfer device lifting the confinement cask, etc.) correspond
to the same configuration which is used in the various load combinations.

Coordinate with the accident review in Chapter 15 of the SRP to verify that the accidents

identified there correspond to the accident conditions evaluated in this chapter. Ensure that all
load combinations, as outlined in Table 3-1 of NUREG-1536 have been appropriately evaluated.
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5.5.5 Other SSCs
5.5.5.1 Description of Other SSCs

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along with
the drawings, figures, tables, and specifications included in the application should fully define the
other SSCs not important to safety, but subject to NRC approval. The configurations are defined
by drawings and fabrication specifications. The specifications should include reference to the
codes that govern the design details. The reviewer should verify that the combinations of
drawings, specifications, appropriate codes and standards, and supporting calculations are
sufficient.

Confirm that, at a minimum, the SAR documentation provides the following: (1) the dimensions
of al sectionsthat have a structural role including locations, sizes, configuration, and spacing, (2)
structural materials with defining standards or specifications, (3) location and specifications for
assembly and weld joints, and (4) fabrication codes and standards.

SSCs not important to safety but subject to NRC approval must be described sufficiently to
provide an adequate basis for that approval. Typically thiswould include descriptive information
about the function, applicable codes, and standards for design and manufacture or procurement.

Other SSCs subject to NRC approva may include, in illustration, SSCs as listed below:

C pads and hardstands for storage of confinement casks

C demineralized water makeup system (see NUREG-0800, Section 9.2.3)

C SSCson site associated with facilities other than for the ISFSI or MRS but which are
shared by the ISFSI/MRS facilities, or which are physically connected to SSCs
supporting the ISFSI/MRS and that have safety or safeguards and security related
functions

C SSCs associated with a standby power capability

C SSCs associated with transfer of confinement and transfer casks on site, including cask
loading and extraction equipment, trailers, prime movers, crane, and equipment unique to

the cask system whose failure would not jeopardize the basic safety requirements of the
confinement system

C on site radioactive material transfer route structures, such as bridges, roads, and rail
crossings
C fixed or mobile structures that provide space for NRC use
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C SSCsincluding cranes and other equipment for inter-modal transfer of containers holding
nuclear materials, such astruck, rail, and barge/ship docks whose failure would not
jeopardize the basic safety criteria

C structures and earthworks to prevent on site facility flooding

C SSCs, including equipment, that provide fire protection or that may be required to
mitigate the effects of accident events

C other SSCsrequired for compliance with code safety requirements, such asfor lightning
protection

C training facilities and associated equipment for health physics, procedural, and other
training

5.5.5.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteriaand design bases are
from the SAR. Confirm that the design criteria comply with the acceptance criteriaoutlined in
Section 5.4.5.2.

5.5.5.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP to verify that the material properties
used in the structural analysis are appropriate for the load condition and that the appropriate
temperature at which the strength limits are defined is consistent with service temperatures.

For each of the structures being reviewed, determine what structural materials are specified (e.g.,
concrete composition, reinforcing material, and embedments, structural steel, etc.), and verify
that the material properties conform with the accepted design codes and standards.

Ensure that material properties which vary as a function of temperature, radiation, or other
environments are adequately defined. The reviewer should verify that materials subject to
corrosion and other degradation mechanisms are adequately protected or otherwise accounted
for.

5.5.5.4 Structural Analysis

Design analyses should be prepared such that they may be readily audited to permit
determination of sources of expressions used, properties used for structural materials, and data
obtained by other calculations and assumptions.

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and

pressures (where applicable) for other SSCs presented in the SAR, and subject to NRC approval,
correspond to the same temperatures and pressures given in the thermal loads analysis.
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Coordinate with the operation systems review in Chapter 3 of the SRP to verify that the
configuration of the other SSCs subject to NRC approval corresponds to the same configuration
which is used in the various load combinations.

Coordinate with the accident review in Chapter 15 of the SRP to verify that the accidents
identified there correspond to the accident conditions evaluated in this chapter. Ensurethat all
load combinations, as outlined in Table 3-1 of NUREG-1536, have been appropriately evaluated.

The information and evaluation required for these SSCsistypically to lesser levels than that
required for SSCsimportant to safety as described in the respective part of this Section. For
example, the structural capacities or design and construction codes may be stated and evaluated,
but there typically is no review of structural analyses or other analyses supporting selection or
assessment of projected performance.

5.6 Evaluation Findings

The evaluation findings are prepared by the reviewer on satisfaction of the regulatory
requirements relating to the installation design and the structural evaluation, asidentified in
Section 5.3. Based on the review of the applicant’s description, proposed design criteria,
appropriate use of material properties, and adequate structural analysis of the five categories of
structures, systems and components, the staff concludes that the SSCs are in conformance with
NRC regulations. The five categories of SSCs, or areas of review are: (1) confinement structures,
systems and components, (2) pool and pool confinement facilities, (3) reinforced concrete
structures, (4) other SSCs important to safety, and (5) other SSCs subject to NRC approval. The
SER should address each acceptance criteria provided in Section 5.4 of this SRP similar to the
following (finding numbering is for convenience in referencing within the SRP and SER):

F5.1 The SAR and docketed materials relating to the description of confinement
structures, systems and components meet the requirements of 10 CFR 72.24 ()
and (b), 10 CFR 72.82 (c)(2), and 10 CFR 72.106 (@), (b), and (c).

F5.2 The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (¢)(2), and
(©)(4); 10 CFR 72.40 (8)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b), (c),
(d), (), (9), (), (), (), (k), and (1); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236
(b), (e), (), (g), and (k). Additionally, the potential for brittle fracture has been
considered by meeting the guidance provided in Regulatory Guides 7.11 and 7.12.
The confinement structures meet the guidance provided in applicable parts of
Regulatory Guides 1.29, 1.60, 1.61, and 1.92 for protection against seismic events.
The confinement structures meet the guidance provided in applicable parts of
Regulatory Guides 1.76 and 1.117 and NUREG-1503 for tornado protection.

F5.3 The SAR and docketed materials relating to suitable material propertiesfor usein

the design and construction of the SSCs meet the requirements of 10 CFR
72.24 (¢)(3).
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F5.4

F5.5

F5.6

F5.7

F5.8

F5.9

F5.10

NUREG-1567

The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (¢), (d),
(), (@), (h), (i), (), (k), and (1).

The SAR and docketed materials relating to the description of pool and pool
facilities meet the requirements of 10 CFR 72.24 (@) and (b), 10 CFR 72.40 (a)(3),
10 CFR 72.82 (¢)(2), and 10 CFR 72.106 (@), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (¢)(2), and
(©)(4); 10 CFR 72.40 (8)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b), (c),
(d), (), (9), (), (), (), (k), and (1); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236
(b), (e), (), (9), and (k). Additionally the pool and pool facilities meet the General
Design Criteria 2, 4, 5, 61, and portions of 62 and 63 of 10 CFR Part 50, Appendix
A. The pool meets the guidance provided in applicable parts of Regulatory
Guides 1.13, and 1.26, and ANSI/ANS 57.9 aswell as 57.7 and/or 57.2. The pool
and pool facilities meet the guidance provided in applicable parts of Regulatory
Guides 1.29, 1.60, 1.61, 1.92, and 1.122, “Development of Floor Design Response
Spectrafor Seismic Design of Floor-Supported Equipment or Components,” for
protection against seismic events. The pool and pool facility meet the guidance
provided in applicable parts of Regulatory Guides 1.76 and 1.117 and NUREG-
1503 for tornado protection.

The SAR and docketed materials relating to suitable material propertiesfor usein
the design and construction of the pool and pool facilities meet the requirements
of 10 CFR 72.24 (c)(3).

The SAR and docketed materials provide adequate analytical and/or test reportsto
ensure that structural integrity of the pool and pool facilities and meet the
requirements of 10 CFR 72.24 (d)(2), (d)(2), and (i), and 10 CFR 72.122 (b)(1),

(b)(2), and (b)(3), (c), (d), (f). (@), (h), (i), (1), (k), and ().

The SAR and docketed materials relating to the description of reinforced concrete
meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR 72.82 (c)(2), and 10
CFR 72.106 (@), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (¢)(2), and
(©)(4); 10 CFR 72.40 (8)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b), (c),
(d), (), (9), (), (), (), (k), and (1); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236
(b), (e), (), (g), and (k). The concrete structures meet the guidance provided in
applicable parts of Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122 for
protection against seismic events. The concrete structures meet the guidance
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F5.11

F5.12

F5.13

F5.14

F5.15

F5.16

F5.17

F5.18

provided in applicable parts of Regulatory Guides 1.76 and 1.117 and NUREG-
1503 for tornado protection.

The SAR and docketed materials relating to suitable material propertiesfor usein
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

©0).

The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (¢), (d),
(), (@), (h), (i), (), (k), and (1).

The SAR and docketed materials relating to the description of other SSCs
important to safety meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR
72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (¢)(2), and
(©)(4); 10 CFR 72.40 (8)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b), (c),
(d), (), (9), (), (), (), (k), and (1); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236
(b), (e), (), (g), and (k). The other SSCsimportant to safety meet the guidance
provided in applicable parts of Regulatory Guides 1.29, 1.60, 1.61, and 1.92 for
protection against seismic events. The other SSCs important to safety meet the
guidance provided in applicable parts of Regulatory Guides 1.76 and 1.117 and
NUREG-1503 for tornado protection. The other SSCsimportant to safety meet
guidance provided in Regulatory Guides 1.59 and 1.102 for flood protection.

The SAR and docketed materials relating to suitable material propertiesfor usein
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

©0).

The SAR and docketed materials provide adequate analytical and/or test reportsto
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(2), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (¢), (d),
(), (@), (h), (), (), (k), and (I).

The SAR and docketed materials relating to the description of other SSCs subject
to NRC approva meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR
72.82 (¢)(2), and 10 CFR 72.106 (@), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (¢)(2), and
(©)(4); 10 CFR 72.40 (8)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b), (c),
(d), (), (9), (), (), (), (k), and (1); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236

(b), (), (). (9), and (k).
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F5.19 The SAR and docketed materials relating to suitable material propertiesfor usein
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

©0).

F5.20 The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(2), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d),
(), (9), (), (), (), (k), and (I).

5.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.

Codes, Standards, and Specifications

American ConcreteInstitute (ACI)
ACI 318, “Building Code Requirements for Reinforced Concrete.”

ACI 349, “Code Requirements for Nuclear Safety Related Concrete Structures,” and ACI 349R,
“Commentary.”

ACI 359, “Code for Concrete Reactor Vessels and Containments” (also designated as ASME
Boiler and Pressure Vessel Code, Section |11, “Rules for Construction of Nuclear Power Plant
Components,” Division 2), American Concrete Institute and American Society of Mechanical
Engineers (Joint Committee).

American Institute of Steel Construction (Al SC)
AISC, “ Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design,”
published in the AISC “Manual of Steel Construction.”

American National Standards|nstitute (ANSI)

ANSI N14.6-1993, “American National Standard for Radioactive Materials - Special Lifting
Devices for Shipping Containers Weighing 10,000 Pounds (4500 kg) or More,” Institute of
Nuclear Materials Management, 1993.

ANSI N45.2.11-1974, “Quality Assurance Requirements for the Design of Nuclear Power
Plants,” 1974.

ANSI N210-1976/ANS-57.2, “Design Objectives for Light Water Reactor Spent Fuel Pool
Storage Facilities at Nuclear Power Stations’ [Referenced in NUREG-0800, Draft Revision 4,
1996].

ANSI/ANS-57.2-1983, “Design Requirements for Light Water Reactor Spent Fuel Storage
Facilities at Nuclear Power Plants.”
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ANSI/ANS-57.7-1988, “Design Criteriafor an Independent Spent Fuel Storage Installation
(Water Pool Type).”

ANSI/ANS-57.9-1984, “Design Criteriafor an Independent Spent Fuel Storage Installation (Dry
Storage Type),” American Nuclear Society (ANS) [Referenced to the extent that ANSI/ANS
57.9-1984 is stated as suitable in Regulatory Guide 3.60].

American Society for Testing and Materials (ASTM)
A 36, “ Standard Specification for Structural Steel.”

A 53, “Standard Specification for Welded and Seamless Steel Pipe.”
A 82, “ Standard Specification for Cold-Drawn Steel Wire for Concrete Reinforcement.”

A 184, “ Standard Specification for Fabricated Deformed Steel Bar Mats for Concrete
Reinforcement.”

A 185, “ Standard Specification for Welded Steel Wire Fabric for Concrete Reinforcement.”
A 242, “ Standard Specification for High-Strength Low-Alloy Structural Steel.”

A 416, “ Standard Specification for Uncoated Seven-Wire Stress-Relieved Steel Strand for
Prestressed Concrete.”

A 421, “ Standard Specification for Uncoated Stress-Relieved Steel Wire for Prestressed
Concrete.”

A 441, “ Standard Specification for High-Strength Low-Alloy Structural Manganese Vanadium
Stedl.”

A 496, “ Standard Specification for Deformed Steel Wire for Concrete Reinforcement.”

A 497, * Standard Specification for Welded Deformed Steel Wire Fabric for Concrete
Reinforcement.”

A 500, “ Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural
Tubing in Rounds and Shapes.”

A 501, “ Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural
Tubing.”

A 572, " Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Steels of
Structural Quality.”
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A 588, “ Standard Specification for High-Strength Low-Alloy Structural Steel with 50,000 psi
Minimum Yield Point to 4 in. Thick.”

A 615, “ Standard Specification for Deformed and Plain Billet-Steel Barsfor Concrete
Reinforcement.”

A 706, “ Standard Specification for Low-Alloy Steel Deformed Bars for Concrete
Reinforcement.”

A 772, “ Standard Specification for Uncoated High-Strength Steel Bar for Prestressing Concrete.”
C 31, “ Standard Method of Making and Curing Concrete Test Specimensin the Field.”

C 33, “Standard Specification for Concrete Aggregates.”

C 39, “Standard Method of Test for Compressive Strength of Cylindrical Concrete Specimens.”
C 42, “ Standard Method of Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.”

C 88, “ Standard Method of Test for Soundness of Aggregates by Use of Sodium Sulfate or
Magnesium Sulfate.”

C 94, “ Standard Specification for Ready-Mixed Concrete.”

C 109, “ Standard Method of Test for Compressive Strength of Hydraulic Cement Mortars (Using
2-inch or 50-m-m Cube Specimens).”

C 131, “Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by
Abrasion and Impact in the Los Angeles Machine.”

C 144, “ Standard Specification for Aggregate for Masonry Mortar.”

C 150, “ Standard Specification for Portland Cement.”

C 172, “ Standard Method of Sampling Fresh Concrete.”

C 192, “ Standard Method of Making and Curing Concrete Test Specimensin the Laboratory.”
C 260, “ Standard Specification for Air-Entraining Admixtures for Concrete.”

C 289, “ Standard Method of Test for Potential Reactivity of Aggregates (Chemica Method).”

C 441, “ Standard Method of Test for Effectiveness of Mineral Admixturesin Preventing
Excessive Expansion of Concrete, Due to the Alkali-Aggregate Reaction.”
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C 494, “ Standard Specification for Chemical Admixtures for Concrete.”

C 496, “ Standard Method of Test for Splitting Tensile Strength of Cylindrical Concrete
Specimens.”

C 595, “ Standard Specification for Blended Hydraulic Cements.”

C 618, “ Standard Specification for Fly Ash and Raw or Calcined Natural Pozzolan for Useasa
Mineral Admixture in Portland Cement Concrete.”

C 637, “ Standard Specification for Aggregates for Radiation-Shielding Concrete.”

C 685, “ Standard Specification for Concrete Made by Volumetric Batching and Continuous
Mixing.”

C 1017, “ Standard Specification for Chemical Admixturesfor Use Producing Flowing Concrete.”

American Society of Civil Engineers (ASCE)
ASCE 4, “Seismic Analysis of Safety-Related Nuclear Structures.”

ASCE 7 (formerly ANSI A58.1), “Minimum Design Loads for Buildings and Other Structures.”
American Society of Mechanical Engineers (ASME)

ASME Boiler and Pressure Vessel Code, Section I11, “Rules for Construction of Nuclear Power
Plant Components.”

ASME Boiler and Pressure Vessel Code, Section I1X, “Welding and Brazing Qualifications.”
American Welding Society (AWYS)

AWS A2.4, “ Standard Symbols for Welding, Brazing and Nondestructive Examination.”

AWS D14, “Structural Welding Code - Reinforcing Steel.”

I nter national Conference of Building Officials (ICBO)
“Uniform Building Code” (UBC).

National Fire Protection Association (NFPA)
NFPA, “National Electric Code.”

NFPA, “Code for Safety to Life from Fire in Buildings and Structures.”
NFPA, “Lightning Protection Code.”

Manualsand Texts
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NJ 08723.

Marker, B.R., et a, “NIKE3D-A Nonlinear, Implicit, Three-Dimensional Finite Element Code for
Solid and Structural Mechanics-User’s Manual,” UCRL-MA-105268, Lawrence Livermore
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Young, W.C., “Roark’ s Formulas for Stress and Strain,” McGraw-Hill.

Technical Reports

Cottrell, W.B., and Savolainen, A.W., “U.S. Reactor Containment Technology,” ORNL-NSIC-5,
Vol. 1, Chapter 6, Oak Ridge National Laboratory.
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6 THERMAL EVALUATION

6.1 Review Objective

The objective of the thermal review isto ensure that the decay heat removal (DHR) systemis
capable of reliable operation so that the temperatures of materials used for systems, structures,
and components (SSCs) important to safety, fuel assembly cladding material, and solidified high-
level waste packages remain within the allowable limits under normal, off-normal, and accident
conditions. Wet and dry fuel assembly transfer systems are evaluated for adequate decay heat
removal under normal, off-normal, and accident conditions. Fire hazardsanalysisand fire
protection measures for the MRS or ISFS| are evaluated. The review also confirms that the
thermal design of the ISFSI or MRS has been analyzed with acceptable analytical and/or test
methods.

The approach to thermal review and evaluation presented in this chapter builds upon the
guidance provided for the certification review of casks in Chapter 4 of NUREG-1536, “ Standard
Review Plan for Dry Storage Systems.” The additional guidance of this chapter is necessary
because the site specific applications reviewed under this guidance will contain site specific
features (e.g., temperature limits) and other systems (e.g., pools, structures using reinforced
concrete). If the ISFSI or MRS uses a cask which has recelved a certificate of compliance, key
assumptions, bounding site characteristics and environmental conditions, and cask/I SFSI
interface requirementsidentified in the cask Safety Analysis Report (SAR) and certificate of
compliance are al'so examined and compared to the ISFSI or MRS design and environmental
conditions.

Figure 6.1 presents an overview of the thermal evaluation process. The figure showsthat the
thermal review draws information from different sections of the application including supporting
calculations. The figure also shows that the results of the thermal review are both used by other
technical review areas and are documented in the NRC staff-prepared Safety Evaluation

Report (SER).

6.2 Areasof Review

The following outline shows the areas of review addressed in Section 6.4, Acceptance Criteria,
and Section 6.5, Review Procedures:

Decay Heat Removal Systems
Material Temperature Limits
Thermal Loads and Environmental Conditions

NUREG-1567
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Analytical Methods, Models and Calculations
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Fireand Explosion Protection
General Considerations
Spent Fuel Casks
SSCs Important to Safety Guidance for Fire Protection Program

6.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.92 Design basis external natural events
(@) “...natural phenomenathat affect the ISFSI design must be identified and assessed according
to their potential effects on the safe operation.”

72.122 Overal reguirements
(c) Protection against fires and explosions
“...must be designed and located so that they continue to perform their safety functions
effectively under credible fire and explosion exposure conditions...Explosion and fire detection,
alarm, and suppression systems shall be designed and provided.”
(d) Sharing of structures, systems and components
“...must not impair the capability of either facility.”
(h) Confinement barriers and systems
(1) “The spent fuel cladding must be protected during storage against degradation that
leads to gross ruptures or confined such that degradation of the fuel during storage will
not pose operational safety problems.”
(2) “For underwater storage of spent fuel or high-level radioactive waste... systemsfor
maintaining water purity and pool water level must be designed so that any abnormal
operations or failure in those systems from any cause will not cause the water level to fall
below safe limits.”
(4) * Storage confinement systems must have the capability for continuous monitoring.”
(1) Control room or control area (note: as applied to fire and explosion protection)
“A control room or control area...must be designed to monitor the ISFSI or MRS safely under
normal conditions and to provide safe control ...under off-normal or accident conditions.”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(@) Spent fuel and high-level radioactive waste storage and handling systems. “... must be
designed to ensure adequate safety under normal and accident conditions...These systems must
be designed with”

(4) “A heat-removal capability having testability and reliability.”
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A matrix which shows the primary relationship of these regulations to the specific areas of review
associated with this Standard Review Plan (SRP) chapter isgivenin Table 6.1. The NRC staff
reviewer should verify the association of regulatory requirements with the areas of review
presented in the matrix to ensure that no requirements are overlooked as a result of unigue
applicant design features.

Table 6.1 Relationship of Regulationsand Areas of Review
10 CFR Part 72 Regulations

Area of Review 7292 | 72122 | 72.128
Decay Heat Removal Systems 1 1
Material Temperature Limits 1
Thermal Loads and Environmental ' '
Conditions
Methods, Models, and Calculations L L
Fire and Explosion Protection 1

6.4 AcceptanceCriteria

This section identifies the acceptance criteria used for the thermal evaluation review. Specific
acceptance criteria are delineated in this section.

6.4.1 Decay Heat Removal Systems

The spent fuel cladding must be protected during storage against degradation that leads to gross
fuel rupture (10 CFR 72.122(h)). Decay heat removal systems shall have testability and reliability
consistent with their importance to safety (10 CFR 72.128(a)).

The applicant must provide a description of the proposed heat removal system. The description
must describe the mechanisms for removing decay heat including any active components or
operator actions necessary for operation during normal, off-normal, and accident conditions. If
the decay heat removal system isfor apool, the description must address the layout of piping
and equipment, control systems for managing flow, and instrumentation systems for monitoring
water conditions.

The applicant must provide evidence that the decay heat removal system will operate reliably
under normal, off-normal, and accident conditions.

6.4.2 Material TemperatureLimits
SSCsimportant to safety shall be maintained within their minimum and maximum temperature

criteriafor normal, off-normal, and accident conditions so as to support the performance of the
intended safety function (10 CFR 72.128(a).

NUREG-1567
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The applicant must identify the temperature limits for fuel cladding, solidified waste packages,
and materials used for SSCs that are important to safety. The applicant shall also provide abasis
for the temperature limits. The temperature limits for fuel cladding should include consideration
of mechanisms that can lead to gross cladding rupture.

Fuel cladding temperature during dry storage shall be maintained bel ow the expected
damage-threshold temperatures for normal conditions and a minimum of 20 years dry storage for
ISFSI or MRS design and environmental conditions. The fuel cladding temperature should also
generaly be maintained below 570EC (1058EF) for short-term off-normal, short-term accident,
and fuel transfer operations (e.g., vacuum drying of the cask or dry transfer) (PNL-4835).

6.4.3 Thermal Loads and Environmental Conditions

The applicant must identify the design basis thermal |oads from the spent fuel or high-level waste,
aswell asthe thermal |oads associated with insolation and the site parameters that determine the
rate at which heat can be removed from the ISFSI or MRS (10 CFR 72.92).

The heat removal system must accommodate the decay heat of the spent fuel or high-level waste
and the site normal, off-normal, and accident thermal conditions (10 CFR 72.122(b)).

6.4.4 Analytical Methods, M odels, and Calculations

The applicant shall present athermal analysis that demonstrates the ability to manage design
basis heat loads and have the various materials remain within temperature limits. The analysis
shall be conducted for normal, off-normal, and accident conditions. The analysis shall also
present temperature and temperature gradient information that is necessary to support the
structural analysis. The applicant shall identify the codes or analytical methods used for thermal
analysis and discuss the basis for the parameters selected for the analysis.

For each fuel assembly-type proposed for storage, the dry storage system shall ensure avery low
probability (e.g., 0.5 percent), per fuel rod, of cladding breach during long-term (e.g., 40 year)
storage (10 CFR 72.122(h), PNL-6189).

The maximum internal pressure of the cask shall remain within its design pressure for normal,
off-normal, and accident conditions assuming 1 percent, 10 percent, and 100 percent ruptured
fuel rods respectively. Assumptions for pressure calculations include release of 100 percent of
thefill gas and 30 percent of the significant radioactive gasesin the fuel rods (10 CFR 72.128(3),
10 CFR 72.122(h)).

Under the conditions where any of the cask component or fuel cladding temperatures are close
(within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant should analyze the potential impact of the fission gas
in the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.
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The pool system shall be designed so that, for al postulated events, the pool water level is
maintained at alevel above the top of the active fuel to ensure adequate decay heat removal and
shielding (ANS/ANS 57.7).

6.4.5 Fireand Explosion Protection

Spent fuel assemblies, other radioactive materials, and SSCs important to safety shall have
adequate protection against fires and explosions to minimize and control the release of
radioactive material to the environment (10 CFR 72.122(c)).

Measures for fire prevention, fire detection, fire suppression, and fire containment for the
protection of the spent fuel assemblies and SSCsimportant to safety shall be provided. 10 CFR
72.122(c) requires that:

C SSCsimportant to safety must be designed and located so that they can continue to
perform their safety functions effectively under credible fire and explosion exposure
conditions.

C Non-combustible and heat resistant materials must be used wherever practical throughout
the ISFSI or MRS, particularly in locations vital to the maintenance of safety control
functions.

C Explosion and fire detection, alarm, and suppression systems shall be designed and
provided with sufficient capacity and capability to minimize the adverse effects of fires
and explosions on SSCs important to safety.

C The design of the ISFSI or MRS must include provisions to protect against adverse effects
that might result from the operation or failure of the fire suppression system.

In addition, 10 CFR 72.122(j) requires that a control room or control area, if appropriate for the
ISFSI or MRS design, must be designed to permit occupancy and actions to be taken to monitor
the safety of the ISFSI or MRS under normal conditions and to provide safe control of the | SFSI
or MRS under off-normal or accident conditions.

6.5 Review Procedures
The following provides review guidance relevant to the thermal evaluation. Thisguidanceis

based on the required products of the review and lessons learned from prior reviews. Additional
review guidanceis availablein Chapter 4, Section V of NUREG-1536.
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6.5.1 Decay Heat Removal Systems
6.5.1.1 General Considerations

ISFSI or MRS decay heat removal systems may be passive (natural convection and thermal
radiation) for dry storage or may include active cooling systems (motors, pumps, heat
exchangers, valve actuators, and switchgear) for wet or dry storage. The reviewer should verify
that the application for the ISFSI or MRS clearly establishes that the storage system will function
within the original design basis thermal limits under normal, off-normal, and accident conditions.
The reviewer should examine the thermal analysis, material temperature limits, and key
assumptions of the analysisto ensure that the ISFSI or MRS design and environmental
conditions are within the envelope of the storage system original analysis and associated
technical specifications.

The reviewer should confirm that the design criteriainclude maximum heat output of the
radioactive materials; temperature levels for the ambient air under normal, off-normal, and
accident-level conditions; and associated insolation. The maximum times that the stored material
will be subject to ambient elevated temperatures should be identified. Definition of daily cycles
of temperature may be important for heat removal for some storage systems. The accompanying
insolation cycle may be important for storage systems with direct solar exposures.

The reviewer should evaluate the temperature distributions and temperature criteria that are used
in determination of thermal stressesfor all DHR system components exposed to heat generated
by the fuel assembly. These DHR components include the cask, transfer equipment, and any
shielding components. Evaluation of stresses or |oads caused by temperature gradients and
interacting materials at different temperatures or with different coefficients of thermal expansion
is performed under Section 5, “Installation Design and Structural Evaluation.”

The reviewer should verify that technical specifications relating to heat removal capability have
been included in the technical specification chapter of the SAR. These may have been proposed
by the applicant in compliance with 10 CFR 72.26 or may result from the review and evaluation
of submittals relating to those areas. The following two paragraphs illustrate technical
specifications related to thermal evaluations which have been accepted in previous applications:

C Surveillance requirement: Performance of the heat removal system will be verified by
tests conducted upon placing the first full storage container in its storage position. These
tests determine heat removal by measurement of air flow and temperatures and will be
used to confirm the adequacy of the thermal analysis by comparison of the actual
conditions of heat generation by the stored fuel assembly and ambient conditions.

C Surveillance requirement: Periodic surveillance will be performed to ensure that thereis
no blockage of cooling air flow in the heat removal system. This surveillance [typically
based on the minimum time for stored material cladding or other material important to
safety (e.g., shielding) to reach athreshold temperature in the event of a complete
blockage occurring immediately following the prior surveillance and the minimum time to
repair or correct the blockage condition] shall be no less frequent than [insert
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timeinterval]. [Alternatives may link the surveillance interval to ambient temperature.
Procedures for performing the surveillance may be as proposed by the applicant or may
be left unstated in the SER, with the procedures to be devel oped by the applicant
subsequent to license approval .]

Required Thermal Analysis Scenarios

The reviewer should confirm that the following thermal scenarios are considered, to determine
that temperature limitsare met. Thelist isnot necessarily exhaustive.

C

For storage conditions at maximum normal, off-normal, and accident-level ambient
temperatures and insolation

Temperature in storage with partial or full blockage of ventilation passages (if applicable
to ISFSI design such as concrete type storage modules or vaults)

In wet temporary storage with partial or full failure of an active heat removal system or
loss of electrical power

In transfer configuration within atransfer cask at maximum normal, off-normal, and
accident-level ambient temperatures and insolation

During cask dewatering and/or cask purging operations with the interior at a near vacuum

In a configuration associated with stored materia retrieval (retrieval may be required at
any time following loading of a cask)

During cask sealing and opening operations when thereisaliquid (water or borated
water) in the cask cavity which has been lowered to permit welding or cutting operations
on the closure

Cask reflood for unloading operations

Facility fire or explosion (internal and external event to the facility)
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6.5.1.2 Dry Storage Systems

A dry storage system may consist of acask used on an ISFSI pad or stored in adry vaulted
system. The boundary conditions on the cask surface or dry storage system depend on the
environment surrounding the cask. The reviewer should confirm that the temperature of the
environment for normal and off-normal conditionsis specified in the SAR. The reviewer should
verify the appropriateness of specified incident and absorbed insolance. The reviewer should
evaluate the mechanisms and models for the dissipation of the absorbed insolance and decay
heat from the surface of the cask to the environment which are identified and described. The
reviewer should review the cask SAR to ensure the site conditions are enveloped by the cask
thermal analysis. The reviewer should evaluate the thermal performance of the cask in
accordance with Chapter 4 of NUREG-1536.

The reviewer should verify that if any of the cask component or fuel cladding temperatures are
close (within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant has analyzed the potential impact of the fission gasin
the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.

The reviewer should confirm that the liquid in the cask does not boil during fuel assembly
transfer operations to avoid uncontrolled pressures on the cask and the connected dewatering,
purging, and recharging system(s) and/or further discharge of liquid providing radiation shielding
over the top of the contained radioactive materials. The reviewer should confirm that an adequate
subcooling margin has been identified in the application and corresponding operating procedure
to prevent boiling which may result in an inadvertent criticality due to optimum moderator
conditions. Boiling is also not acceptable because of itsimpact on doses due to reduced water
shielding and potential hydrodynamic loads on cask internal components. This may be cask
specific depending on the design of the fuel assembly basket and key assumptions of the
criticality analysis. The reviewer should ensure that the ISFSI or MRS maximum temperature
(under normal conditions) of the pool water and/or other water used in the cask cavity during
loading and unloading operations is below the temperature assumed in the cask criticality safety
analysisif atime restriction exists in the corresponding technical specifications.

The reviewer should verify that limiting conditions for the operations have been imposed in the
technical specifications which ensure that the temperature will remain acceptable during the
process and that normal cooling will begin before the temperature criterion is exceeded if the fuel
cladding temperature calculation is based on heatup over alimited time period.

For unloading operations, evaluate fuel cladding temperature and cask pressure calculations
supporting procedural steps for cool down of the casks (both transportation and storage casks)
and reflood of the casks internals presented in Chapter 5 of the SAR. The applicant’ s analysis
should specify and justify the appropriate temperature and flow rate of the quench fluid,
assuming maximum fuel cladding temperatures. Engineering judgement, combined with relevant
operational experience of unloading of spent fuel assembly from transportation and storage
casks, may support limits on flow and quench fluid temperature. The reviewer should coordinate
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thisreview with Section 15 (Accident Analysisreview), Section 5 (Structural review), and Section
3 (Operation Systems review). Further technical guidance for reviewing cask unloading analyses
isprovided in NUREG-1536, Chapter 5, Section V.1.

6.5.1.3 Pool Systems

The ISFSI or MRS facility may employ awet transfer system or fuel storage pool. The reviewer
should confirm that the pool system satisfies the requirements of 72.122(h)(2). In addition, the
NRC accepts | SFSI and MRS pool and pool confinement facilities that comply with the criteria
for such facilitiesin 10 CFR 50 and implementing NRC guidance. 10 CFR 50, Appendix A,
“Genera Design Criteriafor Nuclear Power Plants,” criteria especially applicable to an ISFSI or
MRS pool cooling system include, in part, General Design Criteria (GDC) 2, 4, 5, 61 and 63 for a
DHR system to transfer heat from SSCs important to safety to an ultimate heat sink, GDC 61 on
fuel assembly storage, handling, radioactivity control, and GDC 63 on monitoring of fuel
assembly and stored waste.

These GDC provide criteria so that pool systems have the capability to transfer heat |oads from
safety-related SSCsto a heat sink under normal, off-normal, and accident conditions. The GDC
also provide criteriafor suitable redundancy of components so that safety functions can be
performed assuming a single active failure of a component coincident with the loss of al offsite
power, and the capability to isolate components, systems, or piping, if required, so that the
system safety function will not be compromised.

The reviewer should identify the pool water temperatures used as limits for normal, off-normal,
and accident-level conditions. The possible range of boiling temperatures for the pool coolant
solution should be stated with consideration of ranges of the solution, €levation above mean sea
level, barometric pressure, and air pressure differential maintained between the pool facility and
the outside. The reviewer should confirm that limiting conditions for operation in the Technical
Specifications contain water level and temperature limits.

The NRC accepts criteriafor pool cooling systems as included and/or identified in NUREG-0800,
Sections 9.1.2 and 9.1.3, for application to ISFSI and MRS pools. The review procedures given
below arefor atypical system. Evaluate the spent fuel assembly pool cooling and cleanup
system and its makeup system with respect to their capability to perform the necessary safety
functions during all conditions, including normal, off-normal, and accident conditions.

The reviewer should verify the capability of the system to transfer heat loads from safety-related
SSCsto a heat sink under both normal, off-normal, and accident conditions.

The reviewer should verify that spent fuel cooling systems have sufficient redundancy of
components so that safety functions can be performed assuming asingle active failure of a
component coincident with the loss of al offsite power.

The reviewer should confirm that, for the maximum normal heat load with normal cooling
systems in operation and assuming asingle active failure with aloss of all offsite power, the bulk
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temperature of the pool will be kept at or below 60EC (140EF) with maximum heat generation, at
or below 32EC (90EF) for an average annual temperature, below 43EC (110EF) for at least 95%
of the time and the liquid level in the pool should be maintained (10 CFR 72.122(4)(h)(2),
ANSI/ANS 57.2, ANSI/ANS 57.7). The associated parameters for the decay heat |oad of the fuel
assemblies, the temperature of the pool water, and the heatup time or rate of pool temperature
rise for the stated storage conditions, are reviewed on the basis of independent analyses or
comparative analyses of pool conditions that have been previously found acceptable.

The reviewer should confirm that the spent fuel assembly pool and cooling systems have been
designed so that in the event of failure of inlets, outlets, piping, or drains, the pool level will not
be inadvertently drained below a point above the top of the active fuel assemblies which
maintains the design dose rates due to water shielding. Pipes or external lines extending into the
pool that are equipped with siphon breakers, check valves, or other devices to prevent drainage
are acceptable as a means of implementing this requirement.

The reviewer should review the information provided in the SAR pertaining to the design bases
and criteriaand the safety evaluation section to confirm that the safety function of the system for
normal operationsisidentified. The SAR section on the system functional performance
requirements should also be reviewed to determine that it describes the minimum system heat
transfer and system flow requirements for normal facility operation, component operational
degradation requirements (i.e., pump leakage, etc.), and describes the procedures that will be
followed to detect and correct these conditions. The reviewer, using failure modes and effects
analyses, should determineif the system is capable of sustaining the loss of any active
component and evaluate, on the basis of previously approved systems or independent
calculations, if the minimum system requirements (cooling load and flow) are met for these
failure conditions. The system piping and instrumentation diagrams (P& 1Ds), layout drawings,
and component descriptions are then reviewed for the following points:

C Confirm that essential portions of the system are correctly identified and are isolable from
the nonessential portions of the system.

C Review the P& 1Dsto verify that they clearly indicate the physical division between each
portion and indicate required classification change.

C Review system drawings to ensure that they show the means for accomplishing isolation.

C Review the system description to identify minimum performance requirements for the
isolation valves.

C Review the drawings and description to verify that adequate isol ation val ves separate non-
essential portions and components from the essential portions.
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6.5.1.4 Dry Transfer Systems

The reviewer should confirm that the dry transfer system ensures that under normal, off-normal,
and accident conditions that the fuel cladding temperature will not exceed 570EC (1058EF)(See
Section 6.5.2.2).

If the fuel cladding temperature calculation is based on heatup over alimited time period, the
reviewer should verify that limiting conditions for the operations have been imposed in the
technical specifications which ensure that the temperature will remain acceptable during the
process and that normal cooling will begin before the temperature criterion is exceeded.

6.5.2 Material TemperatureLimits
6.5.2.1 General Considerations

One of the most important results of the thermal evaluation is confirmation that the fuel cladding
temperature is sufficiently low to prevent cladding failure during storage. Identify the allowable
temperature levels for stored materialsin the SAR for long term storage and for short term and
abnormal conditions (guidance on datarequired is provided in SRP Section 4.4.1). Material
temperature restrictions should factor in uncertainties in fabrication of the material and thermal
modeling of the DHR system.

The reviewer should review design features and design criteria, typically presented in Sections 1
and 3 of the SAR, for additional detail. The reviewer should examine heat |oads from both stored
contents and external sources, evaluate temperature limits for each fuel assembly type, and
assess model s used by the applicant for thermal analyses.

The reviewer should verify that temperature restrictions on other SSCsimportant to safety are
identified and justified in the application. The acceptable temperature limits for other materials
that may provide integral confinement (e.g., cask mechanical seals) of the radioactive material,
shielding, subcriticality assurance, or heat removal are dependent on the material and its
importance. The reviewer should verify that the temperature limit criteriaand the basis for that
selection are proposed by the applicant. Considerations for determining temperature limits for
the material can include: (1) temperature at which the structural strength of the material is
affected and time at temperature required to cause the effect, (2) temperature at which chemical
reactions may take place (at asignificant rate) that affect shielding, subcriticality assurance, or
structural integrity, (3) temperature at which the black body characteristics of the material used
for modeling may be affected, (4) allowance to provide for uncertaintiesin the temperatures that
may occur, (5) temperatures that may be reached in normal, off-normal, and accident-level
conditions and events, and (6) potential combinations of temperature and environment (such as
may produce significant reaction with borated water).

The acceptable temperature for the stored radioactive material may provide temperature limits for
the thermal performance of the casks or the SSCs. Other temperature limit considerations can
include temperatures where: (1) retrievability of the original material is potentially degraded, (2)
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significant outgassing may occur, (3) outgassing of radioactive gases may occur, (4) chemical
reactions may occur at asignificant rate, and (5) state changes may occur for at least some of the
materials.

Elevated temperatures may be of concern due to effects on strength, heat treatment, durability,
other properties, or change of state. Reinforced concrete is addressed separately, below. Thermal
properties may be needed for materials that are analyzed for loads on SSC. Confirm that the
source of thermal property datais an acceptable reference, such asASME B&PVC, Section I,
Material Specifications and Section |11 appendices. Use of other sources may be necessary for
non-standard material's such as neutron absorbers and cask seals.

6.5.2.2 Fuel Cladding

The reviewer should verify that cladding temperatures for each fuel assembly type proposed for
storage at the facility will be below their expected damage thresholds for normal conditions of
storage. Zircalloy fuel cladding temperature limits at the beginning of dry storage are typically
below 380EC (716EF) for a 5-year cooled fuel assembly and 340EC (612EF) for a 10-year cooled
fuel assembly for normal conditions and a minimum of 20 years cask storage (PNL-4835,
PNL-6189, and PNL-6364). Other temperature limit values for fuel cooled less than 5 years or
more than 10 years can be cal culated using the same methodology. Temperature limits will be
lower with increased fuel assembly cooling time (or increased burnup) mainly due to lower decay
heat rates of older fuel. The previously discussed specific values of zircalloy fuel cladding
temperature limit for 5-year and 10-year cooled fuel are representative but should not be
construed as the exact acceptable values.

The temperature limits may be cal culated using methodol ogies that are based on expected
cladding behavior during storage. The NUREG-1536 endorsement of the diffusion-controlled
cavity growth (DCCG) methodology to cal cul ate the maximum cladding temperature limits
during dry storage isrestrictive and relatively inflexible. The use of other methodol ogies that
account for the full range of materials behavior under the expected storage conditions, such as
the Commercia Spent Fuel Management Program (CSFM) methodology as described in PNL-
6189 and PNL-6364, are acceptable to the staff for calculation of cladding temperature limits.
Alternative methodol ogies may be approved by the staff if they are sufficiently justified.
However, these alternative methodol ogies must be validated with experimental data and
associated modeling uncertainties must be addressed.

For short term off-normal and accident conditions, the staff accepts zircalloy fuel cladding
temperatures maintained typically below 570EC (1058EF). The short term off-normal and
accident temperature of 570EC (1058EF) for zircalloy-clad fuel assembliesis currently accepted as
asuitable criterion for fuel assembly transfer operations. Thislimit may be lowered for high
burnup fuel assembly (e.g., greater than —28,000 MWD/MTU) due to increased interna rod
pressure from fission gas buildup. The applicant should verify that these cladding temperature
limits are below the limit for facility specific operations (e.g., fuel assembly transfer) and the
worst case credible accident.
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The staff may approve the storage of fuel assemblies having burnups greater than 45,000
MWd/MTU (aso designated as high burnup fuel) provided that the applicant can demonstrate
that the cladding will be protected from degradation which could lead to gross rupture (10 CFR
72.122 (h)(1)) and that the storage system is designed to allow ready retrieval of the spent fuel
from the storage system (10 CFR 72.122(l)). If such ademonstration cannot be performed, high
burnup fuel assemblies could be enclosed by approved baskets to confine the fuel so that
degradation of the fuel during storage will not pose problems with respect to its transportation or
removal from storage. Such an enclosure would aso maintain subcriticality based on optimum
moderation conditions and no potential for buckling and failure of fuel rods, grid spacers, and
end fittings under the hypothetical accident conditions.

The Standard Review Plan for Dry Cask Storage Systems (NUREG-1536) does not presently
address storage of high burnup fuel. For spent fuel having burnups less than 45,000 MWdJ/MTU,
there is sufficient experimental datato support the long-term and short-term temperature limits
identified above. Thus, the staff has generally accepted storage of spent fuel with burnup up to
45,000 MWdJ/MTU. However, thereislimited datato show that the cladding of spent fuel with
burnups greater than 45,000 MWd/MTU will remain undamaged during the licensing period.
Limited information suggests increased cladding oxidation, increased hoop stresses and changes
to fuel pellet integrity with increasing burnup up to and beyond 60,000 MWd/MTU. These
burnup dependent effects could potentially lead to failure of the cladding and dispersal of the fuel
during transfer and handling operations.

The reviewer should confirm that the applicant has provided the following information to show
that high burnup fuels will remain intact for the licensing period:

C Experimentally derived creep data (e.g., timeto creep rupture, strain rate under storage
temperature and pressure conditions, etc.) and descriptions of the anticipated degradation
mechanisms. Thisinformation should ensure that creep strains are well below those that
would result in cladding damage or excessive deformation. Verify that the tests were
performed using high burnup fuel, or comparable cladding material specimens, under
conditions (i.e., temperature, stress and strain rate) that approximate those expected for
dry storage. Accelerated tests are acceptable in the event that long duration tests are
impractical. However, the effects of creep resulting from different creep and/or
deformation mechanisms, which are likely to occur over different temperature and stress
regimes, should be considered and evaluated for its effect on cladding.

C Calculations, or measurements, of the cladding hoop stress. Thisinformation will aidin
establishing both the parameters of the accelerated creep tests outlined above, and the
accuracy of the cladding life prediction. Verify that the stress calculation includes the
effects of: (1) areduction of thickness due to cladding oxidation, (2) theinitial fuel rod
backfill gas pressure, (3) the buildup of fission productsin the fuel rod, and (4) the
generation of other gases (e.g., helium, etc.) due to effects caused by the irradiation of any
internal cladding coatings. Experimental data should be used and described, as
necessary, to verify any assumed values for the oxide thickness or the increase in pressure
caused by the buildup of gases.
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C

Estimates of the amount of hydrogen absorbed by the cladding during reactor operation
and the extent of hydride formation in the cladding. Thisinformation should ensure that
the concentration levels associated with hydride embrittled zirconium alloys are well
below those that could significantly reduce the ductility, or overall integrity, of the
cladding.

Information about the integrity of the fuel pellets (i.e., post-reactor operation pellet size,
estimated size and quantity of pellet fragments, etc.). Thisinformation should support
criticality analyses of potentially reconfigured fuel.

Additional guidance on fuel and fuel cladding is provided in Chapter 4 of NUREG-1536.

6.5.2.3 Special Thermal Criteriafor Reinforced Concrete

The reviewer should confirm that the maximum cal culated concrete temperature meets the
criteriafor elevated concrete temperatures stated in ACI 349 Section A.4. The NRC also accepts
the following temperature requirements as an aternative to those given in ACI 349 Section A 4,
but only for the temperature range between 66EC (150EF) and 149EC (300EF) occurringin
normal and off-normal conditions:

C

If concrete temperatures of general or local areas do not exceed 93EC (200EF) in normal
or off-normal conditions, tests to prove capability of the concrete for elevated
temperatures or reduction of concrete strength used for design are not required.

If concrete temperatures of general or local areas exceed 93EC (200EF) but would not
exceed 149EC (300EF), no teststo prove capability for elevated temperatures and no
reduction of concrete strength are required if Type Il cement is used and aggregates, fine
and coarse, meet the following criteria:

- Satisfy ASTM C33requirements and other requirements referenced in ACI 349 for
aggregates.

- Have demonstrated a coefficient of thermal expansion (tangent in temperature
range of 21EC (70EF) to 38EC (100EF)) no greater than 3.3 x 10°® cm/cm/EC (6 x
10°in./in./°F) or be one or a mixture of the following minerals: limestone,
dolomite, marble, basalt, granite, gabbro, or rhyalite.

For a case in which off-normal temperatures exceed 93EC(200EF) but are less than
107EC(225EF), the list of acceptable aggregates cited in the above paragraph may be
amended to include two additional minerals, quartz and sandstone; however, their useis
limited to fine aggregates only.

The NRC has not accepted alternative criteria to the temperature limitations expressed in ACI 359
for SSCs designed according to that code.
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6.5.2.4 ExtremeLow Temperatures

The reviewer should verify that the site characteristics and environmental conditions for low
temperature are enveloped by the cask SAR. Extreme low temperatures may be of concern due
to the potential for embrittlement of ferritic steel and other materials that could be used for SSCs
important to safety. Thermal analysisis not required for determination of possible minimum
temperatures. The minimum temperatures are determined from site conditions.

The reviewer should confirm that the structural analysis assumes that material that will be
exposed to the outside environment may be at the ambient temperature. Extreme low
temperatures may result in the largest temperature gradients and loads in interconnected
structures due to SSCs at different temperatures and/or with different coefficients of thermal
expansion.

6.5.3 Thermal Loads and Environmental Conditions

The reviewer should examine the specification for the design basis fuel assembly decay heat
presented in Section 2 of the SAR and the corresponding sections of the cask(s) SAR(s) if the
cask hasreceived previous NRC approval. The reviewer should ensure that this decay heat is
consistent with the specified burnup and cooling times, if included. Typically, decay heat is
calculated using the same computer codes as those used to determine radiation source terms.

The reviewer should coordinate the review of fuel assembly source terms for consistency with the
shielding review in Section 7, as appropriate. Alternatively, the decay heat from the design basis
fuel assembly may also be derived from Regulatory Guide 3.54, “ Spent Fuel Heat Generation in
an Independent Spent Fuel Storage Installation.” Except for neutrino energy, all decay heat
should be considered to be deposited in the fuel.

The reviewer should confirm that, if control components or other assembly hardware (e.g.,
shrouds) are included with the fuel assemblies, their heat |oads are specified and justified.

The reviewer should review the insolation assumptions and ambient environmental temperature
in the SAR(s) for the cask(s) proposed for use at the ISFSI or MRS. Verify that the ISFSI or
MRS site characteristics and environmental conditions are bounded by the cask(s) analysis. The
ISFSI or MRS applicant should confirm thisin the SAR. In general, the staff acceptsinsolation
considerations presented in 10 CFR Part 71 for 10 CFR Part 72 applications. Because of the large
thermal inertia of a storage cask, the insolation valueslisted in 10 CFR 71.71 may be averaged
over a24-hour day assuming steady-state conditions. If aless conservative approachis
presented, the SAR must thoroughly describe and justify its use.

The reviewer should compare the MRS or I SFSI environmental data with statementsin the
cask(s) SAR about assumed bounding temperatures ranges, ambient temperature conditions, and
variations of external heat sources over time. When cal culating maximum thermal gradients and
temperature differences within individual components or between locations, changesin
temperature over time may need to be determined. These changes over time should consider the
thermal properties, including emissivity, solar absorption coefficients, thermal conductivity, heat
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capacity, and density of specific components. The reviewer should confirm that the assumed
temperatures and temperature variations with time are stated in the SAR for normal, off-normal,
and accident-level conditions. Evaluate the elevated ambient temperatures and enhanced heat
transfer due to off-normal and accident-level situations (e.g., vehicular, building, or forest fire) to
ensure that they are quantified and supported by analysis.

The reviewer should confirm that the conditions that may result in high temperature gradients or
pressures are identified in the SAR. The conditions may be transitory and may be controllable or
subject to limits. For cask unloading operation (see Section 6.5.1.2 on dry storage systems),
ensure that limits are provided for reflood rate and fluid temperature. For concrete, spalling due
to temperature gradientsis typically considered to have minor (at most) structural significance,
but it could partially block ventilation passages, depending on the design.

6.5.4 Analytical Methods, M odels, and Calculations

The reviewer should evaluate models used for thermal evaluationsto ensure that they are
compatible with the analytical approach. The models should be conservative for the analysisin
which used. The models should permit analysis and quantification of the heat transfer
mechanisms. Guidance on computational methods and computer codes to model dry cask
storage systemsis provided in Chapter 4 of NUREG-1536. Regulatory Guide 3.54 provides
guidance on the calculation of spent nuclear fuel decay heat.

The reviewer should ensure that models of the pool cooling system piping and heat exchange
system are based on process flow analytical models. The flow and temperatures within the pool
do not need to be modeled if the temperature limits of the stored material are significantly higher
than the boiling temperature at the depth of the material for the site. However, if the pool
includes significant restrictions to flow adjacent to the stored material, there should be an analysis
to demonstrate that boiling in an area of the pool will not occur.

The reviewer should confirm that calculations determine the highest temperatures that would be
reached by coolant in the pool under normal, off-normal, and accident conditions. Calculations
should be for steady-state and for transient conditions. The calculations should be sufficient to
demonstrate balance between heat removal and heat generation and that the most critical
situations have been analyzed.

The reviewer should ensure that the calculations provided with the SAR permit full review of the
assumptions, input, calculations, and results. The calculations should include temperatures at
sufficient points to ensure that the hottest fuel cladding and points on other SSCs important to
safety areincluded. The calculations should provide the most severe thermal gradientsfor
material subject to significant thermal stresses (typically the reinforced concrete in confinement
vessels).

The NRC has accepted thermal calculations of cask heat removal and associated temperatures by
use of the ANSYS™ (ANSYS, Inc.) and the HEATING (NUREG/CR-0200) codes with
appropriate models. Both of these are capable of general steady state and transient calculations.
The NRC does not accept two simplified, more approximate codes: SCANS (NUREG/CR-4554)
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and CASKS (NUREG/CR-6242). Chapter 4 of NUREG-1536 provides additional discussion on
the use of computer codes for thermal analysis.

The reviewer should perform confirmatory evaluations of the thermal performance of SSCs
important to safety. This should specifically include steady-state temperature distributions, local
heat balances, temperatures reached, and temperature distributions within any reinforced
concrete SSCs for the bounding ambient temperatures. The reviewer should verify that the
maximum temperatures have been calculated for all SSCsimportant to safety with temperature
limits that may be approached. Evaluation by the reviewer should include:

C Heat balance at the outer surface of the cask to verify that the heat from the spent fuel
assembly and insolation equal that removed by convection and radiation

C Assessment of the heat transfer coefficients used to confirm appropriateness for the
storage conditions

C Estimation of temperature of the cask inner surface (as by cal culating the temperature
distribution across the cask body with simple heat bal ance approximations)

C Comparison of the difference between the cask inner surface temperature and the
maximum cladding temperature with that of similar confinement casks/baskets reviewed
in previous SARs

The reviewer should model and evaluate a portion of the cask or basket to ensure that the SAR
results are conservative if amore detailed confirmatory review is considered to be appropriate.
The staff may perform an extensive confirmatory evaluation if maor errors are suspected or
marginal conservatism existsin the applicant’s modeling approach.

The confirmatory evaluation by the staff may result in arequirement that the applicant perform
design-verification testing of an as-built cask system to validate the thermal analysis presented in
the SAR. The test conditions, configuration, and type and location of instrumentation used, if
any, should be adequately described.

The NRC accepts simplifying assumptions for the effects of reinforcing steel in determining the
thermal performance and temperature distributions of reinforced concrete. Use of a
homogeneous material, instead of modeling the concrete and reinforcing steel as separate
elements, is acceptable if the substitute hypothetical material has appropriately adjusted thermal
properties and the reinforcing steel is covered with concrete in accordance with the applicable
structural code. Thermal performance and/or temperature distributions for reinforced concrete
designs which have features that provide for significant thermal transfer below the concrete
surface (as by internal studs welded to an exposed steel plate) may require more detailed
anaysis.
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6.5.5 Protection from Fire and Explosions
6.5.5.1 General Considerations

The reviewer should ensure that the applicant performed afire and explosives hazards analysis of
the facility and, if warranted, instituted afire protection program (FPP). The reviewer should
verify that the following SAR specific criteria provide information and describe a basis acceptable
to the staff that may be used to meet the requirements of 10 CFR 72.122(c) and 72.122(j):

C NUREG-0800 Branch Technical Position (BTP) SPLB 9.5-1 asit relatesto the design
provisions given to implement the FPP

C Regulatory Guide 1.78, “ Assumptions for Evaluating the Habitability of a Nuclear Power
Plant Control Room During a Postul ated Hazardous Chemical Release,” asit relatesto
habitable areas, such as the control room and to the use of specific fire extinguishing
agents

C NRC technical position on fire protection for fuel cycle facilities

Depending on the design, magnitude, scope and fire hazards of a proposed ISFSI, MRS,
or centralized interim storage facility, the applicant may have to institute a fire protection
program to satisfy the requirements of 72.122(c). Guidelinesfor afire protection program
are provided in Section 6.6.4.

6.5.5.2 Spent Fuel Casks

The ISFSI or MRS may use NRC-approved dry storage casks approved under Subpart L of 10
CFR 72 provided, in part, that the applicant satisfies the fire requirements identified in the
Certificate of Compliance and 72.122(c).

The reviewer should verify that the fire conditions of the worst case, credible site fire do not
exceed the fire assumptions made in the fire analysis of the cask. Using the accident condition
temperatures at the MRS or ISFSI, verify that the post accident pressure of the gasin the cask
cavity iswithin the cask design pressure. The pressure should be determined based on the
assumption that 100% of the fuel rods have failed.

Under the conditions where any of the cask component or fuel cladding temperatures are close
(within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant should analyze the potential impact of the fission gas
in the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.

The reviewer should evaluate the site-specific analysis for explosions and verify that the cask
analysis envelopes the site conditions. Impact on SSCs and the cask should be performed as part
of the structural review. Asnoted in NUREG-1536, explosion-caused overpressure and reflected
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pressure may be associated with explosives and chemicals transported by rail or on public
highways, natural gas pipelines, and vehicular fires of equipment used in the transfer of casks.
Explosions may result from detonation of an air-gaseous fuel mixture. With the exception of a
transfer vehicle accident, the explosion hazards are typically similar to those for facilities subject
to 10 CFR Part 50 reviews. Note, this explosive overpressure is not meant to be that from a
radiological sabotage event.

The reviewer should verify that the cask materials, such as protective coatings, are compatible
with pool or other water used in the cask cavity so as to preclude or minimize the potential for
combustible gas generation (see NRC bulletin 96-04 for background).

6.5.5.3 SSCsImportant to Safety

A small amount of exterior concrete spalling may result from afire or other high temperature
condition and/or application of fire, water or rain on heated surfaces. The small amount is not
expected to affect heat transfer or reduce shielding significantly, and therefore, does not need to
be estimated or evaluated in the SAR. Any significant spalling damage is readily detectable, and
appropriate recovery or corrective measures may be presumed. NRC accepts that concrete
temperatures may exceed the temperature criteria of ACI 349 for accidents if the temperatures
result from afire. Inthat case, corrective action may be required for continued safe storage.

The reviewer should verify that fire protection for spent fuel pool cooling and waste
confinements systems important to safety, has adequate fire and explosive protection (see FPP
guidelines below).

6.5.5.4 Guidancefor aFireProtection Program

The reviewer should verify that a FPP provides assurance that a fire will not significantly increase
the risk of radioactive rel eases to the environment in accordance with the general design criteria

of 72.122(c). A defense-in-depth approach should achieve balance among prevention, detection,
containment, and suppression of fires. Confirm that there isafire protection policy for the
protection of SSCsimportant to safety at each facility and for the procedures, equipment, and
personnel required to implement the program at the site. The FPP consists of fire detection and
extinguishing systems and equipment, administrative controls and procedures, and trained
personnel.

Portions of the review procedures of NUREG-0800 Section 9.5-1 and the guidelines of the NRC
technical position on fire protection for fuel cycle facilities may be applicable to the MRS or
ISFSI contingent on the design of the installation and associated fire hazards. Many of the
national codes and standards cited in these NRC guidance documents, in particular the codes and
standards of the National Fire Protection Association (NFPA), could be applicable to the ISFS|
or MRS facility.
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The reviewer should review the SAR to determine that the appropriate levels of management and
trained, experienced personnel are responsible for the design and implementation of the fire
protection program in accordance with NUREG-0800 Branch Technical Position (BTP) 9.5-1.

The reviewer should review the analysisin the SAR of the fire potential in important to safety
facility areas and the hazard of firesto these areas to determine that the proposed fire protection
program is able to minimize radioactive releases to the environment.

The reviewer should evaluate the FPP P& 1Ds and facility layout drawingsto verify that facility
arrangement, buildings, and structural and compartment features which affect the methods used
for fire protection, fire control, and control of hazards are acceptable for the protection of safety-
related equipment.

The reviewer should determine that design criteria and bases for the detection and suppression
systems for smoke, heat and flame control are in accordance with the BTP guidelines and provide
adequate protection for SSCs important to safety. The reviewer determines that fire protection
support systems, such as emergency lighting and communication systems, floor drain systems,
and ventilation and exhaust systems are designed to operate consistent with this objective. The
reviewer should review the results of an FPP failure modes and effect analysisto assure that the
entire fire protection system for one safety-related area cannot be impaired by asingle failure.

The reviewer should review the technical specifications proposed by the applicant for fire
protection. The reviewer will determine that the limiting conditions for operation and surveillance
requirements of the technical specifications are in agreement with the requirements developed as
aresult of the staff review.

Guidance for fire detection and suppression along with the fire protection water systemis
provided in NUREG-0800 BTP 9.5-1.

The reviewer should confirm that the control room or control area ventilation system P&1Ds
show monitors located in the system intakes that are capable of detecting radiation, smoke, and
toxic chemicals. The monitors should actuate alarms in the control room. The reviewer should
confirm that provisions for isolation of the control room upon smoke detection at the air intakes
are shown on the P& I1Ds. Theisolation may be actuated manually for most cases. Automatic
isolation may be required in special cases, such asfor fires resulting from aircraft crashes. The
reviewer should consult NUREG-0800 BTP 9.5-1 for additional guidance.

The reviewer should confirm that protection for the spent fuel pool area should be provided by
local hose stations and portable extinguishers. Automatic fire detection should be provided to
alarm and annunciate in the control room and to alarm locally. Verify that fire barriers, automatic
fire suppression and detection, and ventilation controls are provided. The reviewer should verify
that records storage areas are located and protected so that afire in these areas does not expose
systems or equipment important to safety (see Regulatory Guide 1.28, “Quality Assurance
Program Requirements ).
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The reviewer should verify that miscellaneous areas, such as shops, warehouses, auxiliary boiler
rooms, fuel oil tanks, and flammable and combustible liquid storage tanks are located and
protected so that afire or effects of afire, including smoke, will not adversely affect any SSCs
important to safety.

The reviewer should confirm that acetylene-oxygen gas cylinder storage locations are not in areas
that contain or expose safety-related equipment or the fire protection systems that serve those
safety-related areas. A permit system should be required to use this equipment in safety-rel ated
areas of the facility (also see Position C.2 of NUREG-0800 of BTP 9.5-1). The reviewer should
verify that unused ion exchange resins are not stored in areas that contain or expose saf ety-
related equipment. The reviewer should verify that hazardous chemicals are not to be stored in
areas that contain or expose safety-related equipment.

The reviewer should verify that materials that collect and contain radioactivity, such as spent ion
exchange resins, charcoal filters, and HEPA filters are stored in closed metal tanks or containers
that are located in areas free from ignition sources or combustibles. These materials should be
protected from exposure to fires in adjacent areas as well. Consideration should be given to
requirements for removal of decay heat from entrained radioactive materials.

6.6 Evaluation Findings

The reviewer prepares a safety evaluation report on satisfaction of the regulatory requirements as
identified in Section 6.3. The SER should address each acceptance criteria provided in Section
6.4 of this SRP similar to the following (finding numbering isfor convenience in referencing
within the SRP and SER):

F6.1 SSCsimportant to safety are described in sufficient detail in Sections of
the SAR to enable an evaluation of their heat removal effectiveness. Cask
structures, systems and components important to safety remain within their
operating temperature ranges in accordance with 10 CFR 72.122.

F6.2 [If applicable] The [dry storage system designation] is designed with a heat-
removal capability having testability and reliability consistent with its importance
to safety asrequired by 10 CFR 72.128.

F6.3 [If applicable] The spent fuel cladding is protected against degradation that leads
to gross ruptures by maintaining the cladding temperature for -year cooled
fuel assembly (fuel assembly type) below EC inan[applicable gas|
environment. Protection of the cladding against degradation will allow ready
retrieval of spent fuel assembly for further processing or disposal as required by
10 CFR 72.122.

F6.4 The staff concludes that the site specific fire and explosions hazards is acceptable
and that the fire protection program meets the requirements of 10 CFR 72.122(c).
This conclusion is based on the applicant meeting the guidelines of NUREG-0800
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BTP 9.5-1, aswell as applicable industry standards. In meeting these guidelines
the applicant has provided an acceptable basis for the [ISFSI or MRS] design and
location of safety-related structures and systems to minimize the probability and
effect of fires and explosions; has used noncombustible and heat resistant
materials whenever practical; has provided of fire detection and fire fighting
systems of appropriate capacity and capability to minimize adverse effects of fire
on systems important to safety.
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NRC documents referenced are identified at Consolidated References, Section 17.
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ANSI/ANS-57.2-1983, “Design Requirements for Light Water Reactor Spent Fuel Storage
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7 SHIELDING EVALUATION

7.1 Review Objective

The primary objective of this review is to determine whether the shielding design features of the
independent spent fuel storage installations (ISFSI) or monitored retrievable storage (MRS) meet
NRC criteriafor protection against direct radiation from the material to be stored. In particular,
this evaluation should establish the validity of dose rate estimates made in the applicant’ s Safety
Analysis Report (SAR). These estimates are in turn used in the radiation protection review
(described in Chapter 11) to determine (a) compliance with regulatory limits for allowable dose
rates, and (b) conformance with criteriafor maintaining radiation exposures as low as reasonably
achievable (ALARA).

The scope of this chapter is limited to evaluating the shielding for the spent fuel or high-level
waste to be stored. Other radiation sources at the ISFSI or MRS for which shielding may be
required are addressed in Chapters 11 and 14.

The interrelationship between the site-generated waste review and other areas of review is
illustrated in Figure 7.1. The figure shows that the evaluation draws on information in the
application, as well as results of other technical reviews. The figure also shows that the results of
this review are used in other technical reviews.

7.2 Areasof Review

The following outline shows the areas of review addressed in Section 7.4, Acceptance Criteria,
and Section 7.5, Review Procedures:

Contained Radiation Sources
Gamma Sources
Neutron Sources

Storage and Transfer Systems
Design Criteria
Design Features

Shielding Composition and Details
Composition and Material Properties
Shielding Details

Analysis of Shielding Effectiveness
Computational Methods and Data
Dose Rate Estimates
Confirmatory Calculations
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This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

20.1201 Occupational dose limitsfor adults.
(@) “Thelicensee shall control the occupational doseto...
(1) Anannual limit, which isthe more limiting of-
(i) Thetotal effective dose equivalent being equal to 5 rem (0.05 Sv); or
(it) The sum of the deep-dose equivalent and the committed dose equivalent to
any individual organ or tissue other than the lens of the eye being equal to 50 rem
(0.58v).”

20.1301 Dose limitsfor individual members of the public.

(@) “Each licensee shall conduct operations so that-
(1) Thetotal effective dose equivalent to individual members of the public from the
licensed operation does not exceed 0.1 rem (1 millisievert) inayear. . .
(2) The dose in any unrestricted areafrom external sources does not exceed 0.002 rem
(0.02 mSv) in any one hour.”

20.1302 Compliance with dose limits for individual members of the public.

(b) “A licensee shall show compliance with the annual dose limitin Section 20.1301 by-
(1) Demonstrating ... that the total effective dose equivalent...does not exceed the annual
doselimit.”

72.24 Contents of application: Technical information
“Each application for alicense under this part must include a Safety Analysis Report describing .

(© (3) “Information relative to ... al structures, systems, and components important to
safety.”

(e) The meansfor controlling and limiting occupational radiation exposures within the limits

givenin Part 20 of this chapter [to] ... aslow asis reasonably achievable.”

72.104 Criteriafor radioactive materias in effluents and direct radiation from an ISFSI or MRS,
(@) “During normal operations and anticipated occurrences, the annual dose equivalent to any
real individual who islocated beyond the controlled area must not exceed 25 mrem to the whole
body, 75 mrem to the thyroid and 25 mrem to any other organ as a result of exposure to:

(1) Planned discharges...,

(2) Direct radiation..., and

(3) Any other radiation from uranium fuel cycle operations within the region.”
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72.126 Criteriafor radiological protection.
(@) “Exposure control. Radiation protection systems must be provided for all... onsite personnel
... exposed to radiation ...The design must include means to:

(6) Shield personnel from radiation exposure.”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(@) “...Spent fuel storage, high-level radioactive waste storage, and other systems ...must be
designed to ensure adequate safety.... These systems must be designed with

(2) Suitable shielding...”

A matrix which shows the primary relationship of these regulations to the specific areas of review
associated with this SRP chapter isgiven in Table 7.1. The NRC staff reviewer should verify the
association of regulatory requirements with the areas of review presented in the matrix to ensure
that no requirements are overlooked as aresult of unique applicant design features.

Table 7.1 Relationship of Regulationsand Areas of Review

10 CFR Parts 20 and 72 Regulations

Areas of Review 20.1201 | 20.1301 | 20.1302 | 72.24 | 72.104 | 72.126 | 72.128
Contained Radiation Sources 1
Storage and Transfer Systems 1 1 1 1
Shielding Composition and 1 1
Details
Analysis of Shielding 1 1 1 1 1 1 1
Effectiveness

7.4 Acceptance Criteria

The information submitted in the SAR must be of sufficient scope and detail to allow for a
thorough evaluation of proposed shielding, including the performance of independent dose rate
estimates. All applicable regulatory requirements must be satisfied, and the methods for
determining compliance must be acceptable to NRC. The following sections provide criteriafor
acceptability of SAR informational content and the details and method of evaluation of the
proposed shielding features.

Primary guidance related to the information to be included in the SAR is provided by Regulatory
Guide 3.48, “ Standard Format and Content for the Safety Analysis Report for an Independent
Spent Fuel Storage Installation, (Dry Storage)” and NUREG-1536, Chapter 5. The guidancein
this section summarizes and supplements the guidance provide by those sources.
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7.4.1 Contained Radiation Sour ces

10 CFR 72.24 describes the required contents of the application. To meet those requirements, the
SAR must describe each type of contained radiation source used as abasis for shield design
calculations. The physical and chemical form, source geometry, radionuclide content, and
estimated curie value and bases for estimation must be described in a manner suitable for use as
input for shielding calculations.

7.4.1.1 Gamma Sources

A tabulation of radiological characteristics for each gamma-ray source type must be provided,
including isotopic composition and photon yields by X- and gamma-ray energy group. The SAR
must specify gamma source terms for both spent fuel and activated materials. The energy group
structure from the source term cal culation must correspond to that of the cross-section set of the
shielding calculation. The computer methodology or database application used to compute
source term strength must be specifically identified.

The SAR must describe the extent to which radioactivity may be induced by interactions
involving neutrons originating in the stored materials. The SAR must provide source term
descriptions for induced radioactivity and the bases (assumptions and analytical methods) used
for their estimation. Alternatively, the SAR may describe the bases for excluding induced
radioactivity source terms.

7.4.1.2 Neutron Sources

The SAR must describe the neutron source terms and tabul ate the neutron yield by energy group.
The SAR must describe the bases used to determine the source terms.

7.4.2 Storage and Transfer Systems

10 CFR 72.126 and 72.128 require that the storage and handling systems requiring shielding be
described. The SAR must provide design criteria and descriptions of design features for shielded
containers.

7.4.2.1 Design Criteria

10 CFR 20.1201, 20.1301, 20.1302, and 10 CFR 72.104 provide dose rate criteriafor occupational
exposure and for members of the public. The principal design criteria (presented in SAR Section
3) must specify the criteriathat have been used as abasis for protection against direct radiation.
Design criteria must include the identification of maximum dose rates for each type of shielded
container (transfer cask, storage cask, etc.). Design dose rates must also be specified for
occupancy areas and correlated with occupancy times and distance to sources. An estimate of
collective doses (person-rem per year) must be provided for each occupancy area and for various
operations (see Chapter 11, Radiation Protection).
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The design dose rates must consider ALARA objectives. The SAR must identify choices
between otherwise comparabl e aternatives affected by ALARA considerations and show that
further reduction of collective doses from direct radiation is not practicable.

7.4.2.2 Design Features

The SAR must describe the transfer and storage systems, including the use of shielding, to reduce
direct radiation dose rates. The SAR must describe various uses of shielding features at the
proposed ISFSI or MRS, including any of the following that apply:

C Shielding provided by the radioactive material being stored

C Neutron capture provided by borated water in casks and storage pools, and by borated
materials incorporated into casks

C Gamma and neutron shielding provided by the structural and nonstructural materials (e.g.,
lead) forming the walls and ends of the storage or transfer casks

C Temporarily positioned shielding used during operations for preparing the storage
confinement cask for storage or retrieval, and/or during transfer into the storage position
at the storage location

C Shielding provided by pool facility interior and exterior walls

C Shielding provided by natural or man-made earth barriers between the radioactive
material and the area beyond the controlled area boundary.

7.4.3 Shielding Composition and Details

10 CFR 72.24 requires that the application include information relative to materials and
arrangements of all structures, systems, and components important to safety.

7.4.3.1 Composition and Material Properties

The SAR must describe the composition of shielding materials and geometries. The SAR must
give material compositions, densities and references for these data, for al materialsused. The
SAR must give references to the source of the data and the validation for the data for
nonstandard materials (e.g., proprietary neutron shield material).

The SAR must describe the potential for shielding material to experience changesin material

properties at temperature extremes. The SAR should give and reference temperature sensitivities
of shielding materials.
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7.4.3.2 Shielding Details

The SAR must describe the geometric arrangement of shielding. The SAR must useillustrations
to identify the spatial relationships among sources, shielding, and design dose rate locations. The
SAR must clearly indicate the physical dimensions of sources and shielding materials.

The SAR must identify penetrations, voids, or irregular geometries that provide potential paths
for gamma or neutron streaming. These potentia streaming paths must be clearly identifiable on
submitted drawings. The SAR must describe design features used to minimize streaming
through these penetrations.

The SAR must clearly state any differences between shielding features during normal or
off-normal conditions and accident level conditions.

7.4.4 Analysisof Shielding Effectiveness

The SAR must describe the computational models, data, and assumptions used in evaluating
shielding effectiveness, and must provide dose rate estimates for areas of concern.

7.4.4.1 Computational Methods and Data

The SAR must identify the computer models used in evaluating shielding for each significant
radiation source identified in Section 7.4.1 and reference the appropriate documentation. For
each computer program used, the SAR must provide test problem solutions that demonstrate
substantial similarity to solutions from other sources (hand calculations, published literature
results, etc.). The SAR must provide asummary that compares the test problem solutionsin
either graphical or numeric form. These solutions may be referenced and need not be submitted
in the SAR if the references are widely available or have been previously submitted to the NRC
for the same model and version.

The SAR must clearly present the data used as input for computational purposes. The SAR must
identify any differences between actual material properties or physical dimensions and those
used in the analytical method (e.g., for simplifying the computational process). The SAR must
defend any simplifying assumptions by showing that the approach used will result in
conservative (bounding) estimates.

The SAR must state the basis for the flux-to-dose-rate conversion in its shielding analysis,
including conversions that are done by a code using its own datalibrary. The NRC accepts flux-
to-dose rate conversion factorsin ANSI/ANS 6.1.1.

The SAR must include a representative computer code input file used in type of shielding
computation performed for the installation.
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7.4.4.2 Dose Rate Estimates

The SAR evaluation of shielding effectiveness must include estimates of dose ratesin
representative areas around the storage and transfer systems. The SAR estimates must account
for such factors as distance to occupied areas, duration of operations, expected occupancy rates,
contributions from radionuclide releases and other factors. These criteriaareidentified and
evauated in the radiation protection evaluation described in Chapter 11. The criteriabelow relate
primarily to the completeness of information provided in the SAR.

The SAR must clearly indicate the physical locations on and around storage or transfer casks for
which dose rate calculations have been performed. These locations must include pointson or in
the immediate vicinity of cask surfaces where workers will perform operations during loading,
retrieval, handling operations, and any projected maintenance and surveillance. For storage casks
with labyrinthine air flow passages, the SAR must include dose rate estimates for the air inlets
and air outlets. The SAR must identify points that have the highest cal culated dose rates.

The SAR must include dose rate estimates for all onsite areas at which workerswill be exposed to
elevated doserates. The SAR must compute dose rates within restricted areasin enough detail to
estimate doses received by workers performing | SFSI or MRS functions.

The SAR must present dose rate estimates for representative points on the perimeter of the
controlled area and at |ocations beyond the controlled area boundary. The SAR must specify
these estimates with respect to distance and direction in amanner that will allow for estimation of
population dose within a5-mile (8-km) radius of the site. These dose rates must include
contributions from both direct line-of-sight and air-scattered radiation emerging from casks or
other shielded sources.

For storage confinement casks, the SAR must calcul ate the dose rate at 1 meter from the cask
surface for off-normal events and conditions that result in asignificant dose rate increase. The

model used for these cal culations must be consistent with the expected condition of the cask after
the event.

7.5 Review Procedures

7.5.1 Radiation Sources

The reviewer should verify that all potential radiation sources have been identified, even if
analysis shows that they produce negligible contributions to dose. I1n addition to the intact spent
fuel to be stored, the reviewer should consider whether other sources at the ISFSI or MRS may
require shielding. These sources might include:

C High-level waste in aform ready to be stored

C Other radioactive material to be stored (e.g., with failed cladding, awaiting encapsulation,
in wet storage, etc.)
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C Radioactive material to be retrieved from storage

C Radioactive material elsewhere within the controlled area or on the site, in transportation
or transfer casks, in transit or holding.

The reviewer should verify that the physical and chemical form, source geometry, radionuclide
content, and estimated curie value and bases for estimation are provided for each source type.
For spent fuel, the reviewer should ensure that the SAR has assumed burn-up and decay
properties that will provide bounding results.

The reviewer should review the use of computer codes for estimation of each of the source terms.
The reviewer should determine whether the codes are appropriate for the cases in which they are
applied. Thereviewer should consider whether the required level of precision (which can vary
depending on the relative source contributions) is achieved. Spent fuel source terms are usually
determined by using ORIGEN-S (e.g., as an SAS2 sequence of SCALE)(Petrie 1995), ORIGEN2
(ORNL 1991), or the U.S. Department of Energy - Office of Civilian Radioactive Waste
Management Characteristics Database (TRW Environmental Safety Systems). Although the
|atter two are easy to use, both have energy group structure limitations (discussed below for
gammasources). If ORIGENZ is used, the reviewer should determine whether the SAR includes
verification that the chosen cross-section library is appropriate for the fuel being considered.
Many libraries are not appropriate for a burnup that exceeds 33,000 MWdJd/MTU.

The reviewer should compare use of codes to determine source terms with prior uses of the same
code from prior reviews. The reviewer should note the restriction on use of proprietary data of a
possible competitor to the SAR to support the SAR’s preparation or modification of application
documents.

If the SAR has used a computer code that is not an industry standard, the reviewer should ensure
that appropriate descriptive information, including validation and verification status, and
reference documentation have been provided. The reviewer should determine whether the code
is suitable for the source term estimation cases in which it is used and whether it has been

appropriately applied.
7.5.1.1 Gamma Sour ces

The reviewer should verify that the SAR has specified gamma source terms as a function of
energy for each type of gamma-ray source. The reviewer should ensure that activated materias
areincluded in addition to the spent fuel or high-level waste to be stored. The reviewer should
ensure that the source terms specified for spent fuel are clearly stated as per assembly, per total
assemblies, or per metric ton.

The reviewer should determine whether the energy group structure from the source term
calculation corresponds to that of the cross-section set used in the shielding calculation. If they
do not correspond, the reviewer should determine whether the SAR must regroup the photons,
by using the nuclide activities from the source term cal culation as input to a simple decay code
with avariable group structure or by interpolating from one structure to the other. I1n general,
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regrouping is necessary only for gamma energies from approximately 0.8 to 2.5 MeV since these
are the main contributors to the dose rate through typical types of shielding; the SAR must
include the full range of energiesin shielding calculations.

The reviewer should assess the SAR treatment of secondary radiation contributions and
determine whether these have been appropriately addressed in the source term description. The
reviewer should pay particular attention to neutron interactions that may result in the production
of energetic gammas near the storage confinement cask surface. The SAR must provide source
term descriptions for any materials that would be activated by the radioactivity of the stored
materials.

7.5.1.2 Neutron Sources

The reviewer should verify that neutron source terms are expressed as afunction of energy.
Neutron source terms generally result from both spontaneous fission and alpha-n reactions in the
fuel. Depending on the method used to determine these source terms, the SAR may need to
determine the energy group structure independently. Since the contribution from apha-n
reactionsis usualy small, this determination can be made by selecting the nuclide with the largest
contribution to spontaneous fission (e.g., >Cm) and using that spectrum for all neutrons.

A specified source term is difficult for most cask users to determine and for inspectorsto verify.
The specification of aminimum initial enrichment is amore straightforward basis for defining the
allowed contents. The reviewer should verify that the specification bounds all assemblies
proposed for the casksin the application. Specific limits are needed for inclusion in the
Certificate of Compliance. Lower enriched fuel, irradiated to the same burnup as higher enriched
fuel, produces a higher neutron source. Consequently, the reviewer should verify that the SAR
specifies the minimum initial enrichment as an operating control and limit for cask use.
Alternately, the SAR must specifically justify the use of aneutron source term, in the shielding
analysis, that specifically bounds the neutron sources for fuel assembliesto be placed in the cask.
The SAR should not attempt to establish specific source terms as the operating controls and
limits for cask use without adequate justification acceptable to the staff.

7.5.2 Storage and Transfer Systems

The reviewer should determine that the SAR descriptions of storage and transfer systems
requiring shielding provide the information necessary to evaluate the shielding in the context of
its proposed use.

7.5.2.1 Design Criteria

The reviewer should verify that specific design criteria have been used as a basis for protection
against direct radiation and that the criteriainclude the specification of maximum dose rates for
each type of shielded container. The reviewer should consult with the radiation protection
reviewer and determine whether design dose rates consistent with ALARA objectives have been
specified for occupancy areas.

NUREG-1567 7-10



SECTION 7 SHIELDING EVALUATION

7.5.2.2 Design Features

The reviewer should evaluate the SAR descriptions regarding the proposed uses of shielding
features on storage and transfer systems. The reviewer should review the items for consideration
identified in Section 7.4.2.2 and evaluate their applicability to the proposed installation.

7.5.3 Shielding Composition and Details
7.5.3.1 Composition and Material Properties

The reviewer should review the SAR descriptions of shielding material composition. The
descriptions should identify and describe all materials taken into consideration in determining
shielding requirements. These include:

C Materials that have other functions but their mass also provides shielding (especially
gamma shielding by structural materials, and gamma and neutron shielding by concrete
and pool water)

C Materials especialy selected and positioned for gamma shielding, such as lead

C Materials especially selected and positioned for neutron shielding, such as water,
concrete, and proprietary shielding materials.

The reviewer should ensure that material specifications for nonstandard materials (e.g.,
proprietary neutron shield material) include appropriate references for the parameter values used.

The reviewer should assess the temperature sensitivities of shielding materialsidentified in the
SAR and determine whether the shielding effectiveness can be compromised by exposure to
temperatures that can be reached under normal, off-normal, and accident level conditions. For
example, elevated temperatures can reduce neutron shielding provided by hydrogen content
through loss of bound or free water in concrete or other hydrogenous shielding materials. The
reviewer should ensure that the elemental composition and density of shielding materials are
conservatively adjusted to account for any degradation from aging, high temperature,
accumulated radiation exposure, and manufacturing tolerances.

The reviewer should review theillustrations and descriptions of the geometric arrangement of
shielding and ensure that all physical dimensions are clearly indicated. The reviewer should
assess Whether the spatial relationship between sources, shielding, and design doserate areaiis
adequately described. The reviewer should consider that design of shielding can be oriented
either on the radiation sources or a point to be protected. Because an ISFSI or MRS typically has
extensive access areas for workers, the potential exists for direct radiation exposure of the offsite
population in all directions. Asaresult, shielding istypically oriented on the sources. Asthe
attenuation effectiveness of a given thickness of shielding material isindependent of the distance
from the source, the most effective positioning of shielding is as close to the source asfeasible.
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The reviewer should ensure that penetrations, voids, or irregular geometries that provide potential
paths for gamma or neutron streaming are specifically accounted for or otherwise treated in a
conservative manner.

Finally, the reviewer should verify that differences, if any, between shielding that exists under
normal, off-normal, or accident-level conditions have been clearly stated.

7.5.4 Analysisof Shielding Effectiveness
7.5.4.1 Computational Methods

The reviewer should evaluate the computer programs used for the shielding analysis. There are
several recognized programs widely used for shielding analysis. These include codes that use
Monte Carlo, deterministic transport, and point-kernel techniques for problem solution. The
point-kernel technique is generally appropriate only for gammas since casks typically do not
contain sufficient hydrogenous material to apply removal cross-sections for neutrons.

The NRC has several models previously accepted for | SFSI source and shielding analyses;
however, since their previous use does not constitute generic NRC approval, the reviewer is
cautioned that these codes can produce errors when used incorrectly. The reviewer should
determine that the SAR has design control measures that will ensure the quality of computer
programs used for shield analysis. The programs previously accepted by NRC for I SFSI source
and shielding analyses include:

C ANISN (one-dimensional neutron attenuation code, RSIC CCC-J14 Micro)
C MicroSkyshine (air-scattering code)

C MORSE (Monte Carlo multigroup three-dimensional neutron and gamma transport
computer code)

C MCBEND (Monte Carlo multigroup three-dimensional neutron and gamma transport
computer code similar to MORSE developed by the United Kingdom (UK) National
Radiation Protection Board (NRPB))

C QAD-CGGP (three-dimensional point kernel gamma transport shielding computer code)

C RANKERN (three-dimensional point kernel gamma transport shielding computer code
similar to QAD-CGGP)

C MARC-1 (asuite of linked computer codes used for calculating the radiological effects of
releases of radionuclides to the environment devel oped by the UK NRPB)

C LINGAP and HMARC (modules of MARC-1 used to calcul ate the effects of an
atmospheric release)

NUREG-1567 7-12



SECTION 7 SHIELDING EVALUATION

C SKY SHINE-II (air-scattering code, NUREG/CR-0781)

C STREAMING (code for calculation of attenuation of a gamma flux incident on avariety
of shielding penetrations, such as ducts and voids).

Some other shielding codes which have potential application to |SFSI or MRS sources include:

C TORT\DORT (three- and two-dimensional discrete-ordinate neutron/photon transport
codes) (ORNL-6268)

C ONEDANT/TWODANT (one- and two-dimensional multigroup discrete-ordinate
transport codes)(LANL LA-9184-M, Rev)(LANL LA-10049-M Rev)

C MCNP (Monte Carlo n-particle transport code)(LANL, MCNP 4A)

C SCALE (amodular code system for performing standardized computer analyses for
licensing evaluation).

The reviewer should verify that the SAR describes each of the models used in the shielding
evaluation. For each model used, the reviewer should verify that the following information has
been provided:

C The author, source, dated version
C A description of the model, and the extent and limitation of its application
C The computer program solutions to a series of test problems, demonstrating substantial

similarity to solutions obtained from hand calculations, analytical results published in the
literature, acceptable experimental tests, a similar program, or benchmark problems.

The reviewer should review the solution comparisons provided by the SAR and determine
whether satisfactory agreement of computer and test solutions (or resolution of deviations) is
evident. Thereviewer should identify any deviations that have not previously been justified to
staff satisfaction and transmit the finding to the SAR with arequest for additional technical
justification regarding application of the code.

|deally (though not a requirement), the program used for evaluation of shielded storage
containers has been validated with actual dose rate measurements from similar or prototypical
spent fuel or high-level waste storage systems.

The reviewer should assess whether the number of dimensions of the code is appropriate for the
dose rates being calculated. Generally, at least atwo-dimensional calculation is necessary.
One-dimensional codes provide little information about off-axis locations and streaming paths
that may be significant to determining occupational exposure. This aso appliesto computation
of dose rates at the end of storage confinement casks.
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For storage confinement casks, source term locations for the contained radioactive materials and
theinternal positioning, spacers, and structural support (i.e., the “basket”) may need to be
modeled by region to minimize avoidable error. A uniform source distribution would be
conservative for the top and bottom but not for the center region, because of the typical burnup
profile for spent fuel rods (greater at the top and bottom). Regions used for analysistypically are
the top (to the height of the stored radioactive materials), middle, and bottom thirds. Within the
cask, the fuel and basket materials may be homogenized by region to ssmplify shielding
calculations. In addition, the other materials within the cask may not be uniformly distributed
over its height, to the extent that the amount homogenized with the fuel, within regions, may be
different. Thisother materia typically includes the basket components: positioning sleeves,
spacers for the sleeves, and structural supports.

For storage confinement casks with awater or borated water charge, during the loading and
retrieval operations the liquid may be homogenized with the fuel and basket materialsto the
height of the stored radioactive materials. Water and basket parts above the height of the fuel
may be homogenized for the shielding calculation. Different heights of the liquid charge may
need to be modeled for different operations, depending on the type of cover seal. Theliquid
height is typically reduced to permit welding and cutting but should be left at a height that retains
cover over the stored material. The lowest liquid height that may result from the specified
procedures for cask sealing and retrieval operations should be used for the calculations.

The reviewer should consult with the thermal analysis reviewer to determine whether shielding
can be compromised by boiling of the liquid charge. The reviewer should verify that a bounding
technical specification has been established to prevent boiling.

SAR calculations must include a representative computer code input file and the cross-section
library used by the code. The reviewer should review the input file to ensure that data for the
source-shield configuration being modeled are properly entered into the code. The reviewer
should verify that the cross-section library used by the code is appropriate for analyzing cask
shielding problems. If the SAR has not independently determined a source term for neutron-
induced gamma radiation or subcritical multiplication of neutrons, the reviewer should ensure
that a coupled cross-section set was used and that the SAR executed the code in a manner that
accounts for these secondary source terms.

The reviewer should review the basis used for flux-to-dose-rate conversion. The NRC accepts
flux-to-dose rate conversion factorsin ANSI/ANS 6.1.1. The shielding code may also perform
the conversion by using its own data library.

7.5.4.2 Dose Rate Estimates
On the basis of experience, comparison to similar systems, or scoping calculations, the reviewer
should make an initial assessment of whether the dose rates appear reasonable and whether their

variation with location is consistent with the geometry and shielding characteristics of the cask
system.
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The reviewer should verify that dose rates have been estimated for all locations that are accessible
to occupational personnel during cask loading, transport to the ISFSI or MRS, and maintenance
and surveillance operations. Generally these locations include points at or near various cask
components and in the immediate vicinity of the cask. The reviewer should verify that the points
with the highest calculated dose rates are identified.

The reviewer should verify that the dose rate estimates have appropriately considered the
following areas that have been of special concernin past reviews:

C Conservatism of simplifying assumptions used for the analysis, and assertions that a
nonconservative assumption is more than compensated for by other conservative
assumptions

C Dose rate estimates at points where radiation streaming may occur from design details,

such asfailure to offset penetrations of cask lids for venting, dewatering, and recharging

C Dose rate estimates at the top of a cask during preparation for storage operations that
assume awater height above contained fuel rods, while procedure descriptions do not
ensure that there will be aminimum height of water cover when the water level islowered
for seal welding

C Inclusion in analyses of the potential negative effect of scattering that increases the dose
rates to accessible areas at the side of stored material because of mass placed over the
source, a scattering that may more than offset the reduction in skyshine contribution
because of the overhead shielding

The reviewer should check all solid angles from the shielded source for gaps or significantly
reduced shielding that could result in local “hot spots.” Similarly, if awork station is shielded
from multiple sources of radiation, the reviewer should check the solid angles about that station
for potential gaps or other sources of elevated dose rates.

The reviewer should verify that shielding analyses include consideration of various radioactive
material situations for normal, off-normal, and accident-level conditions. For example, the
external neutron shield of acask may be damaged by atip-over accident or degraded in afire;
drop in the level of pool water can uncover parts of fuel rods (if thisis afeasible accident-level
Situation).

The reviewer should consult with the radiation protection reviewer who will use dose rate
estimates that result from the shielding review (in addition to other information) to determine
whether appropriately detailed SAR calculations (dose rates and collective dose estimates) show
that the radiation shielding features are sufficient to meet the requirements of 10 CFR 72.104,
72.106, and ALARA objectives.
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Confirmatory Calculations

The reviewer should verify, by independent calculations, the SAR shielding analyses performed
for normal operationsthat result in the greatest collective dose estimates. These operations
include cask sealing, dewatering, and purging the cask during preparation of the cask for storage;
monitoring and repressurization of the space between redundant seals of cask in storage; or
surveillance of the ventilation ports over the life of the ISFSI or MRS. The computations should
be sufficient to verify the probable accuracy of the SAR estimates.

In determining the level of effort appropriate for the confirmatory calculations, the reviewer
should consider:

C The degree of sophistication and the margin of safety in the SAR analysis

C Comparison of SAR dose rates with those of similar casks that have been previously
reviewed, if applicable

C The fact that actual doses will be monitored and limited by 10 CFR 20 requirements and
site-specific license conditions

C Applicant’ s experience using the methods and codes, and in validating the methods and
codes with actual measured dose rates

C Use of methods or codes not previously reviewed by the staff

C Any significant departures from prior cask system designs or procedures (e.g., unusual
shield geometry, new types of materials, different source terms, increased manual
operations near the storage confinement cask).

The reviewer should examine the SAR’ sinput to the computer program used for the shielding
analysis, use of that input in the program, reasonableness of results, and use of the resultsin
developing projected doses. The reviewer should verify use of proper dimensions, material
properties, and an appropriate cross-section set. The reviewer should independently evaluate
gamma and neutron source terms.

Depending on the accident analysis and the magnitude of the potential collective dose
(person-rem) from direct radiation from in-place radioactive material, the reviewer should
determine whether a separate computation should be performed to verify the projected greatest
dose that may be received from adesign basis accident level event. If the direct radiation dose
from in-place materia is small relative to the collective dose from routine operations, this analysis
may be omitted.

7.6 Evaluation Findings

Evaluation findings are prepared by the staff on satisfaction of the regulatory requirements
related to design features for protection against direct radiation, asidentified in Section 7.3.
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These findings are determined in conjunction with the radiation protection and accident analysis
reviews, described in Chapters 11 and 15. If the documentation submitted with the application
fully supports positive findings for each of the regulatory requirements, the statements of
findings should be as follows (finding numbering is for convenience in referencing within the
FSRP and SER):

F7.1 Thedesign of the shielding system(s) of the [ISFSI/MRS] satisfies the criteriafor
radiological protection of 10 CFR 72.126(a)(6).

F7.2 Thedesign of the [ISFSI/MRS] provides acceptable means for limiting
occupational radiation exposures within the limits givenin 10 CFR 20.1201 and
for meeting the objective of maintaining exposures aslow asis reasonably
achievable, in compliance with 10 CFR 72.24(e).

F7.3 Thedesign of the[ISFSI/MRS] provides acceptable means for limiting exposure
of the public to direct and scattered radiation within the limits given in 10 CFR
72.104.

F7.4 Thedesign of the [ISFSI/MRS] provides suitable shielding for radioactive
protection under normal and accident conditions, in compliance with 10 CFR
72.128(a)(2).
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8.1 Review Objective

The objective of the review and evaluation isto ensure that the stored materials remain subcritical
under normal, off-normal, and accident conditions during al operations, transfers, and storage at
the site.

Figure 8.1 presents an overview of the criticality evaluation process. The figure shows that the
criticality review draws information from different sections of the application including
supporting calculations.

8.2 Areasof Review

The following outline shows the areas of review addressed in Section 8.4, Acceptance Criteria,
and Section 8.5, Review Procedures:

Criticality Design Criteria and Features
Criteria
Features

Stored Material Specifications

Analytical Means
Model configuration
Materia Properties

Applicant Criticality Analysis
Computer Program
Multiplication Factor
Benchmark Comparisons
Independent Criticality Analysis

8.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.
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72.40 Issuance of license.
(@ “... license meets the standards and requirements of the Act and the regulations of the
Commission.”

(13) “...without endangering the health and safety of the public.”

72.124 Criteriafor nuclear criticality safety.

(a) “Design for criticality safety... maintained subcritical... before anuclear criticality accident is
possible, at least two unlikely, independent, and concurrent or sequential changes have occurred
in the conditions essential to nuclear criticality safety...margins of safety for the nuclear criticality
parameters that are commensurate with the uncertainties in the data and methods used in
calculations... demonstrate safety... under accident conditions.”

(b) “Methods of criticality control... favorable geometry, permanently fixed neutron absorbing
materials (poisons), or both... solid neutron absorbing materials... positive meansto verify their
continued efficacy.”

A matrix which shows the primary relationship of these regulations to the specific areas of review
associated with this Standard Review Plan (SRP) chapter isgivenin Table 8.1. The NRC staff
reviewer should verify the association of regulatory requirements with the areas of review
presented in the matrix to ensure that no requirements are overlooked as a result of unique
applicant design features.

Table 8.1 Relationship of Regulationsand Areas of Review

10 CFR Part 72 Regulations
Areasof Review
72.40 72.124
Design Criteria 1 1
Stored Material Specifications 1
Anaytical Means 1
Applicant Criticality Analysis 1 1

8.4 AcceptanceCriteria

This section identifies the acceptance criteria used for the criticality review. Four types of criteria
aredescribed. Thefirst describes criticality design criteria and features including required
conditions, assumptions, and scenarios. The second identifies the requirements for the
specifications regarding stored nuclear material that are acceptable to the NRC. The third
describes the features of criticality analysis models which are acceptable to the NRC. The fourth
identifies the features of applicant criticality analyses including the specific computer program,
benchmarks, and multiplication factor determination which constitute an acceptable submittal for
criticality safety.

Under the right conditions, certain isotopes of selected heavy elements, especially uranium and

plutonium, have the ability to split or fission after absorbing a neutron and rel ease energy along
with several new neutrons from thisfission process. The fission process can be self-sustaining or
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even grow by achain reaction, which can produce as many or more neutrons than are absorbed.
In criticality terminology, the term, k-effective or kg is the net ratio of neutrons produced per
neutron absorbed in amass of fissionable material. A kg of 1.0 indicates acritical mass whereas
aky; of lessthan 1.0 is an indication of a subcritical condition.

8.4.1 Criticality Design Criteria and Features
8.4.1.1 Criteria

The regulatory requirements given in 10 CFR 72.40 and 10 CFR 72.124 identify acceptable
design criteria. The NRC generally considers the design criteriaidentified below to be acceptable
to meet the criticality requirements of 10 CFR 72 for storage confinement casks:

C The multiplication factor, kg, including all biases and uncertainties at a 95 percent
confidence level, must not exceed 0.95 under all credible normal, off-normal, and accident
conditions and events.

C Conditionsfor criticality safety (satisfaction of the limit on multiplication factor, Ke;) of
subject radioactive material while at the Independent Spent Fuel Storage Installations
(ISFSI) or Monitored Retrievable Storage (MRS) must include:

- no burnup credit. (The conservative assumption of fresh unburned fuel provides a
worst case criticality analysis, however, 10 CFR 72.3 requires that spent fuel have
been irradiated and cooled at least one year as a condition for storage.)
Alternately, burnup credit may be taken using the guidelines described in section
8.4.5 of this SRP.

- no credit taken for flammable neutron absorbers or for any solid poisons that may
melt or lose any significant mass from the original solid form by melting or
vaporization at any of the temperature and pressure conditions that may be
experienced whilein use

- no credit taken for liquid neutron shielding material (except that kg for the
situation of aloaded confinement cask with liquid that serves as both shielding
and absorber and is used in the confinement cask during loading operations or in
the pool shall be based on presence of the water and bounding level(s) of poison)

- no more than 75 percent credit for fixed neutron absorbers, unless comprehensive
fabrication acceptance tests capable of verifying the presence and uniformity of
the neutron absorber are implemented

- determination and use of optimum (i.e., most reactive) moderator density
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C

The multiplication factor limit on kg, must be met for al conditions and events while at
the ISFSI and MRS. This does not require determination of ky; for every situation.
However, it must be demonstrated that the situations that have the highest k; have been
analyzed and that thereby the normal, off-normal, and accident and conditions with the
lowest margins of safety have been analyzed; or are enveloped by the analyses conducted
and included in the SAR and its supporting documentation (ANSI/ANS 8.17-1984).
Conditions and events to be considered include, but are not limited to, the following:

- in dry storage
- in temporary or prolonged storage in the pool
- during cask loading and unloading operations, including:
-- transferring subject radioactive material to or from the storage cask or a

transfer container (and possible drops, and including possible selection of
the wrong material for loading);

-- lift and trand ation movements (and possible drops);

-- dewatering and charging operations, including situations in which a cask
could be full of (unborated) steam; or with a partia fill of liquid water
(borated if applicable to the procedures) and the remainder steam.

- during all on-site transfer, and transportation operations

- during and following possible drops and other accident events including credible
flood from natural or man-made causes

- during earthquakes

- during and following a non-mechanistic cask tip-over (if amore severe event is not
identified by accident analysis)

- with the stored material in the densest configuration permitted by the basket or
other separators and with the most conservative assumptions for tolerance
stack-ups

At least two unlikely, independent, and concurrent or sequential changes to the conditions
essential to criticality safety, under normal, off-normal, and accident conditions, must
occur before an accidenta criticality ispossible (ANSI/ANS 8.1-1983). For analysis,
“accidental criticality” is defined as exceeding k¢ of 0.95 with aconfidence level less than
95% and a 95% probability that ke =0.95 will not be exceeded.

Criticality safety of the design must be based on favorable geometry (preferred),
permanent fixed neutron absorbing materials (poisons), or both.
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C Where solid neutron-absorbing materials are used, the design must provide a meansto
verify their initial efficacy, such as manufacturer’ s data or in-situ measurements
(ANSI/ANS 8.21). Chapter 6 of NUREG-1536 provides a basis for accepting the 20-year
continued efficacy of fixed neutron poisons.

C Unlessit is shown that all spent fuel to be stored will be contained within completely
intact cladding, the occurrence of pinholes and cracks in the cladding (and water fill of the
voids within the cladding) must be assumed for the criticality analysisif it resultsin a
higher ky;. The water fill in the fuel-to-cladding gap should be assumed to be unborated
sincethisis conservative from acriticality safety viewpoint.

The aforementioned criteria should be specifically incorporated into the SAR and applicable
supporting criticality calculations.

8.4.1.2 Features

The regulatory requirements given in 10 CFR 72.124(b) identify acceptable design criteriafor
criticality control. The NRC generally considers the design criteriaidentified below to be
acceptable to meet the criticality control requirements of 10 CFR 72 for storage confinement
casks.

The NRC accepts use of borated water in the pool and during cask loading and unloading (of
subject radioactive material to or from the storage confinement cask) operations as a means of
criticality control if the minimum boron content is atechnical specification. If borated water is
used for criticality control, then administrative controls and/or design features must be used to
ensure: (1) that pool boron concentration is maintained throughout the pool; and, (2) that
accidental flooding of a cask with unborated water cannot occur (asin retrieval operationsor in
an interrupted loading operation requiring cask reflooding in anticipation of off-loading or
additional operations on or about the cask). The alternative isthat the criticality analysis assume
accidental flooding with unborated water.

If borated water is not to be used, the SAR should specify if any dummies (for fuel rods or other
fissionable items to be stored) are to be used in storage positions within the confinement cask or
pool to displace water. Credit for this displacement of water in the criticality analysis requires
acceptable evidence that the storage positions not occupied by the subject radioactive materials
will always be occupied by the dummies.

Borated water and any other liquids are not acceptable as a means of criticality control for a cask
indry storage. Thisincludes use of any credit in criticality analysis for presence (outside the cask
confinement barrier) of aliquid that may provide neutron shielding. Presence and optimum
(most reactive) moderator density of the liquid shall be assumed if it increases K.

If more than one certified or licensed basket design of the same supplier could fit in the cask, the

type basket to be used should be among the data stamped on the plate on the exterior of the
storage confinement cask.
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The NRC accepts comparative neutron flux measurement made external to a confinement cask as
apositive means for verifying continued efficacy of solid neutron absorbing materials
incorporated in the storage cask system, if the following are acceptable:

testing procedures,

instrumentation,

accuracies, and

determination of baseline measurements for subsequent use in comparisons.

OO OO OO

The NRC has accepted arequirement for acceptance testing of the poisons during fabrication asa
positive means for verifying continued efficacy of solid neutron absorbing materials incorporated
in the storage cask system. Thistesting should show that: (1) the material is not subject to
degradation from physical or chemical actions that may occur over the system life, (2) the
material will not be degraded by time-integrated gamma radiation emitted by the spent fuel
fission products, and (3) the small neutron flux from spontaneous fission and subcritical
multiplication resultsin a negligible depletion of poison material over the storage period.

Inclusion of evidence of satisfactory similar use of the material for a 20-year period is desirable.

Tolerances for structures, systems, and components (SSCs) material, fabrication, and assembly
can be important in identifying worst case (lowest margin of safety) geometries, material
compositions, and densities. The tolerances for the properties and construction of all SSCs
involved in criticality analyses should be used in the analyses and must then be also identical or
conservatively bounded by the tolerances shown in the definition of the ISFSI or MRS design.
The analyses should be based on the most conservative combination of tolerances.

8.4.2 Stored Material Specifications

The regulatory requirements given in 10 CFR 72.124(a) identify acceptable design criteriafor
stored material specifications. The NRC generaly considers the design criteriaidentified below
to be acceptable to meet the criticality requirements of 10 CFR 72 for storage confinement casks.

The stored material specifications must include the ranges of properties of concern for criticality
analysis (guidance on datarequired is provided in Standard Review Plan for Spent Fuel Dry
Storage Facilities[FSRP] Section 4.4.1). Stored material characteristics of probable concern for
the various criticality analyses include those listed below. These should be stated for each known
type of spent fuel to be stored and for other radioactive material to be stored for which criticality
analysisis appropriate. Radioactive materials which, due to their atomic properties and/or
physical maximum densities of the solid material are not of criticality concern should be
identified as such, asrationae for not including criticality analyses. Dataidentified below that are
not required for the analytical approach used by the applicant should still be provided as they
may be needed for confirmatory and independent analyses by the NRC (performed as part of the
evauation effort):

C fuel manufacturer identity and spent fuel design/model
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C maximum U?* enrichment of fuel and type [e.g., 4.2% enrichment, Boiling Water Reactor
(BWR)] of fuel assemblies

C the maximum fuel pin enrichment [for BWR or Pressurized Water Reactor (PWR) fuel]
C for other radioactive materias that are to be stored and may be fissionable

- isotopes present and their densities

- means by which densities are limited

- geometric data on the configuration (e.g., racks, basket) holding the
materials including tolerances and uncertainties, and neutron absorption
material integral to the configuration

- characteristics (materials, densities, geometries, tolerances, uncertainties)
of any encapsulation used to provide confinement and structural support
during handling and when within the storage confinement barrier

8.4.3 Analytical Means

The regulatory requirements given in 10 CFR 72.124(a) and (b) identify acceptable design criteria.
The NRC generally considers the design criteriaidentified below to be acceptable to meet the
criticality requirements of 10 CFR 72 for storage confinement casks:

8.4.3.1 Model Configuration

The model used for the criticality evaluation must adequately describe normal, off-normal, and
accident conditions analyzed. The model must provide for the most reactive tolerance
combinations and any steady state elastic deformation of the positioning (racks or basket) or
plastic deformation of the structure that could result from accident events.

The dimensions and materials of the model used for the criticality analysis should be the same as
those in the design definition (elsewhere in the SAR). If there are differences, the model must be
shown to be conservative (result in ahigher ky). The NRC accepts substitution of ordinary water
for end sections and support structures of the fuel in the model. Substitution of borated water for
other materialsis not acceptable unlessit can be shown to be conservative. Sufficient conditions
must be modeled and analyzed to ensure that the highest ky; have been determined and that
conditions and configurations not analyzed are envel oped by those analyzed.

The model should reflect conservative assumptionsin all variables. Thisincludes (but may not
be limited to) variables identified below:

C location of fissionable material within positioning basket or other framework (e.g., fuel
rods would be positioned to be tight against the dividing spacing material and closest to
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the center of the array for vertical storage and as close to center as permitted by gravity, or
potentially caused by in transit vibration for a horizontal cask position)

C fuel density
C U5 enrichment of fuel

C manufacturing tolerances must be assumed to be at their most conservative (i.e.,
maximum reactivity) value within the allowed tolerance band. No statistical combination
of uncertaintiesis alowed for manufacturing tolerances.

C flooding in the fuel rod pellet-to-clad gap region

The NRC accepts use of a heterogeneous model of each fuel rod. If, instead, the model
homogenizes the entire fuel assembly (over the volume of the assembly), the applicant must
acceptably demonstrate that the homogenized model is conservative relative to a heterogeneous
model. This may be done by using both homogeneous and heterogeneous models in acriticality
computation or by benchmarking to an acceptable (number and relevance) set of criticality
experiments.

The criticality analysis model must be described in sufficient detail, either in the SAR or
supporting calculations, to show conformance to the requirementsin this section.

8.4.3.2 Material Properties

The material compositions and densities must be provided for al materials used in the
calculational model. The sources of the properties should be referenced. The amount and
geometry of fixed poison used in the criticality analysis should be no more than the minimumsto
be verified by acceptance testing. Validation of the poison concentration is addressed in
acceptance testing.

An appropriate set of cross-sections should be determined and identified, and the sources should
be referenced. Cross-sections may be obtained with the criticality computer codes or devel oped
independently from another source. For multigroup cal culations, the spectrum of the neutron
flux used to construct the group cross-sections must be similar to that of the cask. Cross-sections
and the computer program must be benchmarked by comparison to experimental data.

8.4.4 Applicant Criticality Analysis

The regulatory requirements given in 10 CFR 72.40 and 10 CFR 72124(a) identify acceptable
design criteria. The NRC generally considers the design criteriaidentified below to be acceptable
to meet the criticality requirements of 10 CFR 72 for storage confinement casks:

The SAR must include criticality analyses for the most reactive cases for the items and materials
that approval of the application will alow to be stored. These must be demonstrated to include or
envelop the loadings and situations that have the highest values of K.
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8.4.4.1 Computer Program

The SAR must identify the computer program and cross-section used in criticality analyses. The
NRC has accepted both Monte Carlo and deterministic computer codes for criticality
calculations. Monte Carlo codes are generally more suited to three-dimensional geometry, and
therefore, more are widely used to evaluate spent fuel cask designs. Two acceptable Monte Carlo
codes are SCALE/KENO (NUREG/CR-0200 and CCC-619) and MCNP (LANL, Dec

1993). KENO isamulti-group code that is part of the SCALE sequence. MCNP permits use of
continuous cross sections. The NRC has accepted use of MICROX and DTFEX ( deterministic
computer codes).

If amultigroup treatment is used, the neutron spectrum of the cask must be appropriately
considered. In addition to selecting a cross-section set collapsed with an appropriate flux
spectrum, amore detailed processing of the energy-group cross-sectionsis also required to
properly account for resonance absorption and self-shielding. The use of KENO as part of the
SCALE sequence provides for such processing directly.

Some cross-section sets (e.g., HANSEN-ROACH) include data for fissile and fertile nuclides
(based on a potential scattering cross-section) that can be input by the user. If astand-alone
version of KENO is used, potential scattering must be properly considered. [Note: The
“working-format” library, commonly distributed with the Version 4.0 of SCALE/KENO to
enable calculations of the manual’ s sample problems, is not acceptable for criticality calculations
of actual systems (NRC Information Notice 91-26). The NRC has accepted “27 Group NDF4”
cross-section library in SCALE-4.1 PC KENO Vafor criticality calculations.] Multigroup
cross-section sets may be used in analyses of cask models with separate regions of water and
steam or variations in the boron concentration. These involve use of different flux spectrain
different regions.

8.4.4.2 Multiplication Factor

Variation in results of different computations of k; for different situations and with different
codes and models should be rationalized and explained. Sensitivity parametric analyses may be
used to provide the required demonstration that the highest ky; with confidence level of 95%
(with a kg #0.95) have been determined. Certain cases which may require alower value than
0.95 for maximum allowable k; are discussed in Chapter 6, Section V.4.b of NUREG-1536.

For verification of Monte Carlo calculations, the number of neutron histories and convergence
criteriashould be appropriate. Asthe number of neutron histories increases, the mean value for
ke should approach some fixed value, and the standard deviation associated with each mean
value should decrease. Depending on the code used, a number of diagnostic calculations are
generaly available to demonstrate adequate convergence and adequate statistical variation. For
deterministic codes, a convergence limit may be prescribed in the input. The selection of a proper
convergence limit and achievement of thislimit must be described and demonstrated in either the
SAR or supporting criticality calculations.
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8.4.4.3 Benchmark Comparisons

Computer codes for criticality calculations must be benchmarked against critical experiments.
Benchmark comparisons must be documented in appropriate cal culations and/or the SAR.
Benchmark comparisons can validate the computer code, its use on a specific geometric
configuration, the neutron cross-sections used in the analysis, and consistency in modeling.
Benchmark comparisons should be made by the analyst(s) and organization that will be
performing the actual criticality analysis to qualify the analyst and computer environment. The
calculated ks and confidence levels of the base criticality computations must be adjusted to
include the appropriate bias (the average of the differences between results and measurement)
and uncertainties determined from the benchmark comparisons.

The benchmark experiments should be relevant to the actual situation analyzed (ANSI/ANS 8.1-
1983). No critical benchmark experiment will precisely match the fissile material, moderation,
neutron poisoning, and configuration in the actual situation. However, the applicant can perform
aproper benchmark analysis by selecting experiments that adequately represent the actual
situation and fissionable material features and parameters important to reactivity. Key features
and parameters that should be considered in selecting appropriate critical experiments for spent
fuel include type of fuel, enrichment, hydrogen to uranium ratio or moderator to uranium ratio
for graphite moderated fuel designs (rod diameter and pitch), fuel and cladding chemical
composition, reflector, neutron energy spectrum, and poisoning. The applicant must justify the
suitability of the critical experiments chosen to benchmark the criticality code and calculations.
UCID- 21830 provides guidance for benchmarking and contains a substantial bibliography of
benchmark experiments and validation testing.

Detailed guidance on determining a code bias from benchmark experiments has not been
formalized. Multiple applicable benchmark experiments should be analyzed. The results of these
benchmark cal culations should be converted to abias for application to the criticality
computations. Simply using an average of the biases from a number of benchmark calculations
istypically not considered to be sufficient, particularly if one benchmark yields results that are
significantly different from the others. Benchmark comparisons must also be checked for bias
trends with respect to parametric variations (such as pitch-to-rod-diameter ratio, assembly
separation, reflector material, neutron absorber material, etc.). UCID- 21830 provides some
guidance for this, but other methods have also been considered appropriate.

The calculated statistical uncertainties of both benchmark and cask analyses also need to be
addressed for Monte Carlo codes. The uncertainties should be applied to at least the 95%
confidence level and 95% probability, as ageneral rule, if the acceptability of the result depends
on small differences between large values. A sufficient number of neutron histories can readily
be used so that the treatment of these uncertainties should not significantly affect the results.

Only biases determined by benchmark comparisons that increase k; or lower the confidence
level should be applied. If the benchmark calculation for acritical experiment resultsin a neutron
multiplication that is greater than unity, it should not be used in a manner that would reduce the
ke calculated for the cask. Critical experiments using a different fissionable isotope than that
intended for the ISFSI or MRS should not be included in this benchmark comparison.
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8.4.5 Burnup Credit in the Criticality Analysis

Unirradiated reactor fuel has awell-specified nuclide composition that provides a straightforward
and bounding approach to the criticality safety analysis of transport and storage casks. Asthe
fuel isirradiated in the reactor, the nuclide composition changes. Ignoring the presence of
burnable poisons, this composition change will cause the reactivity of the fuel to decrease.
Allowancein the criticality safety analysis for the decrease in fuel reactivity resulting from
irradiation istypically termed burnup credit. Extensive investigations have been performed both
within the United States and by other countriesin an effort to understand and document the
technical issuesrelated to burnup credit. Much of thiswork has been considered in the
development of the U.S. Department of Energy’s Topical Report (TR) on Actinide-Only Burnup
Credit for Pressurized Water Reactor (PWR) Spent Nuclear Fuel Packages (DOE/RW-0472).

The technical information provided in the literature and in the various TR revisions, together with
theinitial confirmatory analyses by the U.S. Nuclear Regulatory Commission (NRC) research
program, have provided a sufficient basis for the staff to proceed with acceptance of a burnup
credit approach in the criticality safety analysis of PWR spent fuel casks as discussed in the
Recommendations below. Although insights gained from reviewing the TR submittalsform a
part of the basis for the staff’ s position, the NRC has not endorsed the TR or its supporting
documentation. The following recommendations provide a cask-specific basis for granting
burnup credit, based on actinide composition. The NRC'’ s staff will issue additional guidance
and/or recommendations as information is obtained from its research program on burnup credit
and as experience is gained through future licensing activities. Except as specified in the
following recommendations, the application of burnup credit does not alter the current guidance
and recommendations provided by the NRC staff for criticality safety analysis of transport and
storage casks.

Recommendations:
8.4.5.1 Limitsfor theLicensing Basis

The licensing-basis analysis performed to demonstrate criticality safety should limit the amount
of burnup credit to that available from actinide compositions associated with PWR irradiation of
UO, fud to an assembly-average burnup value of 40 GWd/MTU or less. Thislicensing-basis
analysis should assume an out-of-reactor cooling time of five years and should be restricted to
intact assemblies that have not used burnable absorbers. The initial enrichment of the fuel
assumed for the licensing-basis analysis should be no more than 4.0 wt% U unless aloading
offset is applied. The loading offset is defined as the minimum amount by which the assigned
burnup loading value (see Recommendation 8.4.5.5) must exceed the burnup value used in the
licensing safety basisanalysis. The loading offset should be at least 1 GWd/MTU for every

0.1 wt% increaseininitial enrichment above 4.0 wt%. In any case, theinitial enrichment shall not
exceed 5.0 wt%. For example, if the applicant performs a safety analysis that demonstrates an
appropriate subcritical margin for 4.5 wt% fuel burned to the limit of 40 GWd/MTU, then the
loading curve (see Recommendation 8.4.5.4) should be devel oped to ensure that the assigned
burnup loading valueis at least 45 GWd/MTU (i.e.,, a5 GWdJd/MTU loading offset resulting from
the 0.5 wt% excess enrichment over 4.0 wt%). Applicants requesting use of actinide
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compositions associated with fuel assemblies, burnup values, or cooling times outside these
specifications, or applicants requesting a relaxation of the loading offset for initial enrichments
between 4.0 and 5.0 wt%, should provide the measurement data and/or justify extrapolation
techniques necessary to adequately extend the isotopic validation and quantify or bound the bias
and uncertainty.

8.4.5.2 Code Validation

The applicant should ensure that the analysis methodol ogies used for predicting the actinide
compositions and determining the neutron multiplication factor (k-effective) are properly
validated. Biasand uncertainties associated with predicting the actinide compositions should be
determined from benchmarks of applicable fuel assay measurements. Bias and uncertainties
associated with the cal culation of k-effective should be derived from benchmark experiments that
represent important features of the cask design and spent fuel contents. The particular set of
nuclides used to determine the k-effective value should be limited to that established in the
validation process. The bias and uncertainties should be applied in away that ensures
conservatism in the licensing safety analysis. Particular consideration should be given to bias
uncertainties arising from the lack of critical experiments that are highly prototypical of spent fuel
in acask.

8.4.5.3 Licensing-Basis Model Assumptions

The applicant should ensure that the actinide compositions used in analyzing the licensing safety
basis (as described in Recommendation 8.4.5.1) are calculated using fuel design and in-reactor
operating parameters selected to provide conservative estimates of the k-effective value under
cask conditions. The calculation of the k-effective value should be performed using cask models,
appropriate analysis assumptions, and code inputs that allow adequate representation of the
physics. Of particular concern should be the need to account for the axial and horizontal
variation of the burnup within a spent fuel assembly (e.g., the assumed axial burnup profiles), the
need to consider the more reactive actinide compositions of fuels burned with fixed absorbers or
with control rods fully or partly inserted, and the need for a k-effective model that accurately
accounts for local reactivity effects at the less-burned axial ends of the fuel region.

8.4.5.4 Loading Curve

The applicant should prepare one or more loading curves that plot, as afunction of initial
enrichment, the assigned burnup loading value above which fuel assemblies may be loaded in the
cask. Loading curves should be established based on a 5-year cooling time and only fuel cooled
at least five years should be loaded in a cask approved for burnup credit.

8.4.5.5 Assigned Burnup Loading Value

The applicant should describe administrative procedures that should be used by licensees to
ensure that the cask will be loaded with fuel that iswithin the specifications of the approved
contents. The administrative procedures should include an assembly measurement that confirms
the reactor record assembly burnup. The measurement technique may be calibrated to the
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reactor records for arepresentative set of assemblies. For an assembly reactor burnup record to
be confirmed, the measurement should provide agreement within a 95 percent confidence interval
based on the measurement uncertainty. The assembly burnup value to be used for loading
acceptance (termed the assigned burnup loading value) should be the confirmed reactor record
value as adjusted by reducing the record value by the combined uncertainties in the records and
the measurement.

8.4.5.6 Estimate of Additional Reactivity Margin

The applicant should provide design-specific analyses that estimate the additional reactivity
margins available from fission product and actinide nuclides not included in the licensing safety
basis (as described in 8.4.5.1). The analysis methods used for determining these estimated
reactivity margins should be verified using available experimenta data (e.g., isotopic assay data)
and computational benchmarks that demonstrate the performance of the applicant’s methodsin
comparison with independent methods and analyses. The Organization for Economic
Cooperation and Development Nuclear Energy Agency’ s Working Group on Burnup Credit
provides a source of computational benchmarks that may be considered. The design-specific
margins should be evaluated over the full range of initial enrichments and burnups on the burnup
credit loading curve(s). The resulting estimated margins should then be assessed against
estimates of: (a) any uncertainties not directly evaluated in the modeling or validation processes
for actinide-only burnup credit (e.g., k-effective validation uncertainties caused by alack of
critical experiment benchmarks with either actinide compositions that match those in spent fuel
or material geometries that represent the most reactive ends of spent fuel in casks); and (b) any
potential nonconservatisms in the models for calculating the licensing-basis actinide inventories
(e.g., any outlier assemblies with higher-than-modeled reactivity caused by the use of control rod
insertion during burnup).

8.5 Review Procedures

The review includes evaluation of compliance with al regulatory requirements and acceptance
criteriagiven in the FSRP and applicable other NRC documents and accepted codes.

The following provides review guidance specific to the elements of the submitted documentation
within the scope of this section. This guidance is based on the required products of the review
and lessons learned from prior reviews and is supplemented by that in NUREG-1536 Chapter 6.

8.5.1 Criticality Design Criteria and Features

The reviewer should ensure that the stated criteria are consistent with that used for the criticality
models and computations. The reviewer should verify that the cal culations determine the highest
ke that might occur under all operationa states under normal, off-normal, and accident
conditions. The principal criticality situations for previously reviewed applications have included:

C new fuel loaded into a storage confinement cask with unborated water to top of the cask
and filling adjacent annulus between the storage and transfer cask and fuel at maximum
density permitted by relative sizes of grid openings and fuel rods and tolerance stack-ups
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C densest and maximum fuel storage in pool
C new fuel from disintegrated rods located at bottom of vertical storage following adrop
C new fuel in densest concentration permitted by single failures of the basket structure

The reviewer should verify that technical specifications relating to criticality design have been
included in the technical specification chapter of the SAR. These may have been proposed by
the applicant in compliance with 10 CFR 72.26 or may result from the review and evaluation of
submittals relating to those areas. The following paragraph illustrates a technical specification
related to criticality evaluations which has been accepted in previous applications:

C Functional/Operating Limits and Monitoring Limits/Limiting Control Settings: The
concentration of boron in the water in the pool and inserted in the confinement vessel
during transfer operations or otherwise when the radioactive material within the
confinement vessel is exposed, shall not be less than [insert]. Water to be
introduced into the cask during such operations shall be tested to confirm the
acceptability of the boron concentration prior to itsintroduction. The pool water boron
concentration shall be confirmed by sample measurement at |least once every
hours.

8.5.2 Stored Material Specifications

The reviewer should ensure that the material specifications used and that may be presented in the
criticality analyses are the same as those given for new fuel (or other stored fissionable material
requiring criticality analysis). The reviewer should confirm that the sources for the specifications
are acceptable. Material specifications should include all tolerances and/or uncertainties in such
properties as density and isotopic enrichment.

It is recommended that the Safety Evaluation Report (SER) include consolidated table of sources
used in the SAR documentation, their use, and the acceptability of that use. The sourcesfor the
stored material specifications should be included in that table.

8.5.3 Analytical Means
8.5.3.1 Model Configuration

The reviewer should verify the acceptability and appropriateness of the model used. The
reviewer should examine the choice and basis of cross sections and determine if an acceptable set
has been selected. The reviewer should check consistency of the models used with similar prior
criticality analyses for similar situations (in 10 CFR 50, 10 CFR 71, and 10 CFR 72 licensing).
The sources for models used should be included and evaluated in the SER. This can be by
inclusion on the recommended consolidated listing of SAR sourcesin the SER.
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8.5.3.2 Material Properties

The reviewer should determine the acceptability of sources for the material properties and cross
sections used in the criticality analyses. The material properties and cross sections should also be
consistent with accepted prior criticality analyses for systems using similar materials. Materidl
properties should be presented in terms of the expected operating environment (e.g.,
temperature).

The sources for models used should be included and evaluated in the SER.
8.5.4 Applicant Criticality Analysis
8.5.4.1 Computer Program

The computer program used must be acceptable to the NRC. The reviewer should determine that
the program has been used in prior applications and has been accepted. The reviewer should
determine that the program is used in accordance with published instructions for its use,
including selection of modeling parameters, boundary conditions, and computer program specific
biases. The reviewer should determine if the source of the program has been previously accepted
by the NRC.

References used for the computer program should be included and evaluated in the SER. These
should be included on the recommended consolidated listing of referencesin the SER.

8.5.4.2 Multiplication Factor

The reviewer should determine if variations in the calculated kg and explanations for these are
reasonable. The reviewer should compare these with those of prior applications for similar
systems and computer programs.

8.5.4.3 Benchmark Comparisons

The reviewer should review the sources and application of the experiments used for benchmarks,
determine the appropriateness of those used for the benchmark comparisons, and determine if
the adjustments to the computed ks have been appropriately calculated and applied. Research
benchmark comparisons made with prior applications for data not used in the subject analysis
but also applicable. The reviewer should determine if use of results of additional or alternative
experiments would cause a significant change in the subject determination of adjustments to K.

8.5.4.4 NRC Independent Criticality Analysis

The reviewer should perform independent cal culations to ensure that the most reactive conditions
have been addressed and that the reported ks are conservative. Thisis due to the importance
and complexity of the criticality evaluation. The approach to the independent cal culations should
be determined by consideration of the code used by the applicant, the degree of conservatismin
the analysis, previously demonstrated technical expertise of the analyst, and the margins of safety
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intheresults. A small margin of safety (i.e. difference from the maximum allowable limit of ky)
or asmall degree of conservatism may necessitate a more extensive analyses.

The reviewer should develop amodel that isindependent of the applicant’s model. If the
reported kg for the worst case is substantially lower than the acceptance criterion of 0.95, a
simple model known to produce very conservative results may be sufficient for the independent
calculations.

If the results are suspect or independent cal culations disagree with the submitted analysis results,
the reviewer should perform the independent cal culations with a computer code different from
that used by the applicant. The reviewer should use a different but acceptable cross-section set to
provide a more independent confirmation.

The results of the independent analysis should be reported in the SER. The analysisitself could
be an appendix to the SER. Criteriaapplied to review of the applicant’ s analysis should be used
by a NRC reviewer independent of the performer of the analysis.

8.5.5 Burnup Credit

The reviewer should examine the applicant’ s burnup credit analysis and verify the conditions and
recommendations described in section 8.4.5 were followed, and if not, the differences were
described and justified in amanner acceptable to the staff. The reviewer should examine the
limitsfor the licensing basis, code validation, licensing basis model assumptions, loading curve,
assigned burnup loading value, and estimate of additional reactivity margin.

8.6 Evaluation Findings

Evaluation findings are prepared by the reviewer on satisfaction of the regulatory requirements
relating to criticality. If the documentation submitted with the application fully supports positive
findings for each of the regulatory requirements the statements of findings should be
substantially as follows (finding numbering is for convenience in referencing within the FSRP
and SER):

F8.1 Thedesign, procedures, and materials to be stored for the proposed [ISFSI/MRS]
provide reasonabl e assurance that the activities authorized by the license can be
conducted without endangering the health and safety of the public, in compliance
with 10 CFR 72.40(a)(13).

F8.2 Thedesignsand proposed use of the [ISFSI/MRS] handling, packaging, transfer,
and storage systems for the radioactive materials to be stored acceptably ensure
that the materials will remain subcritical and that, before a nuclear criticality
accident ispossible, at least two unlikely, independent, and concurrent or
sequential changes must occur in the conditions essential to nuclear criticality
safety. The SAR anayses and confirmatory analysis by the NRC adequately
show that acceptable margins of safety will be maintained in the nuclear criticality
parameters commensurate with uncertainties in the data and methods used in
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calculations, and demonstrate safety for the handling, packaging, transfer and
storage conditions and in the nature of the immediate environment under accident
conditions; in compliance with 10 CFR 72.124(a) and 10 CFR 72.124(b).
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9 CONFINEMENT EVALUATION
9.1 Review Objectives

There are three review objectivesfor this chapter. Thefirst isto evaluate the applicant’ s estimate
of the amount of radionuclides that would be released to the environment under (a) normal
operations and anticipated occurrences, and (b) design basis accident conditions. The estimates
of releases, together with local environmental transport mechanisms (i.e., meteorology and
hydrology) and distances to the controlled area boundary, are used to determine if the design
meets regulatory performance standards. These specific evaluations against regulatory standards
are performed in Chapters 11 (Radiation Protection Evaluation) and 15 (Accident Evaluation) of
this Standard Review Plan for Spent Fuel Dry Storage Facilities (FSRP).

The second review objective isthe evaluation of proposed monitoring systems. This evaluation
includes monitoring systems for storage confinement systems and additional systems for
measuring effluents during normal operations and accidents.

The third review objective isto evaluate systems for protection of stored materials from
degradation.

Figure 9.1 presents an overview of the confinement evaluation review process. The figure shows
that the confinement review draws information from both the application, as well as results of
other technical reviews (e.g., structural review). The figure aso shows that the results of the
confinement review are both used by other technical review areas and documented in the NRC
staff-prepared Safety Evaluation Report (SER).

9.2 Areasof Review

The following outline shows the areas of review addressed in Section 9.4, Acceptance Criteria,
and Section 9.5, Review Procedures:

Radionuclide Confinement Analysis
Confinement Casks or Systems
Pool and Waste Management Facilities

Confinement Monitoring
Storage Confinement Systems
Effluents

Protection of Stored Materials from Degradation

Confinement Casks or Systems
Pool and Waste Management Systems
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SECTION 9 CONFINEMENT EVALUATION

9.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information [Contents of SAR].

(c) “The design of the Independent Spent Fuel Storage Installations (ISFSI) or Monitored
Retrievable Storage (MRS).”

(d) “Analysis and evaluation of the design and performance.”

(f) “Features of ISFSI or MRS design and operating modes to reduce...radioactive waste
volumes.”

(9) “A description of equipment ... to maintain control over radioactive materials in gaseous and
liquid effluent .”

(N(2) “estimate the quantity ... of radionuclides expected to be released annually.”

72.44 License conditions.
(c) “Technical specifications must include:”
@ “Functiona and operating limits and monitoring instruments and limiting control
Settings.”
(1) “Functional and operating limitsfor an ISFSI or MRS.”

72.104 Criteriafor radioactive materialsin effluents and direct radiation from an ISFSI or MRS.
@ “During normal operations and anticipated occurrences, the annual dose equivalent to
any real individual who islocated beyond the controlled area must not exceed 25 mrem to the
whole body, 75 mrem to the thyroid and 25 mrem to any other organ as aresult of exposure to:

@ Planned discharges of radioactive materials. . . to the general environment,

2 Direct radiation from ISFSI or MRS operations, and

3 Any other radiation from uranium fuel cycle operations within the region. *
(b) “Operational restrictions must be established to meet as low as reasonably achievable
objectives for radioactive materialsin effluents and direct radiation levels associated with | SFSI
or MRS operations.”
(© “Operational limits must be established for radioactive materialsin effluents and direct
radiation levels associated with ISFSI or MRS operations to meet the limits given in paragraph (a)
of this section.”

72.106 Controlled area of an ISFSI or MRS.

(b) “Any individual located on or beyond the nearest boundary of the controlled area shall
not receive adose greater than 5 rem to the whole body or any organ from any design basis
accident. The minimum distance from the spent fuel or high-level radioactive waste handling and
storage facilities to the nearest boundary of the controlled area shall be at least 100 meters.”
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72.122 Overdl requirements.
(b) “Protection against environmental conditions and natural phenomena.”
(4) “If ... located over an aquifer ... measures must be taken.”
(h) “Confinement barriers and systems.”
(1) “The spent fuel cladding must be protected against degradation .”
(3) “Ventilation systems and off-gas systems must be provided.”
(4) * Storage confinement systems must have the capability for continuous monitoring.”
(5) “The high-level waste must be packaged that alows handling and retrievability.”
(i) “Instrumentation and control systems”

72.126 Criteriafor radiological protection.
(c) “Effluent and direct radiation monitoring”
(d) “Effluent control”

72.128 Criteriafor spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(a) “ Spent fuel and high-level radioactive waste storage and handling systems’

(1) “A capability to test and monitor components important to safety”

(3) “ Confinement structures and systems’

A matrix that shows the primary relationship of these regulations to the specific areas of review
associated with this FSRP chapter isgiven in Table 9.1. The NRC staff reviewer should verify the
matching of regulatory requirements to the areas of review presented in the matrix to ensure that
no requirements are overlooked as aresult of unique applicant design features.

Table 9.1 Relationship of Regulationsand Areas of Review
10 CFR Part 72 Regulations

Areaof Review
72.24 72.44 72.104 72.106 72.122 72.126 72.128

Radionuclide
Confinement 1 1 1 1 1 1 1
Analysis

Confinement
Monitoring

Protection of
Stored Materids 1 1
from Degradation

9.4 AcceptanceCriteria

This section identifies the acceptance criteria used for the confinement review. Two types of
criteriaare described. The first identifies the type of descriptive and analytical information and
level of detail related to confinement evaluation that should be present in the Safety Analysis
Report (SAR). The second identifies particular standards that are accepted by the NRC staff
when conducting confinement analysis. Compliance with thefirst criteria provides the
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information that allows the NRC staff to develop a detailed understanding of the applicant’s
estimate of the effectiveness of the radionuclide confinement systems under a broad spectrum of
conditions.

9.4.1 Confinement Description
9.4.1.1 Confinement Casksor Systems

The application must describe the confinement system for spent fuel systems or high-level waste.
The confinement design must be consistent with the regulatory requirements, aswell asthe
applicant’s “General Design Criterid’ reviewed in Chapters4 and 5 of this SRP. The NRC staff
has accepted construction of the primary confinement barrier in conformance with Section 111,
Subsections NB or NC, of the Boiler and Pressure Vessel (B& PV) Code of the American Society
of Mechanica Engineers (ASME). This code defines the standards for all aspects of construction
including materials, design, fabrication, examination, testing, inspection, and certification
required in the manufacture and installation of components. In such instances, the staff has
relied upon Section 111 to define the minimum acceptable margin of safety; therefore, the
applicant must fully document and completely justify any deviations from the specifications of
Section I11. In some cases after careful and deliberate consideration, the staff has made
exceptions to this requirement.

9.4.1.2 Pool and Waste M anagement Facilities

A description of the confinement system for pool and waste management facilities must be
presented in the SAR. Important design features associated with the control and confinement of
radioactive materials include seals on closures and doors, negative pressure design,
ventilation/filtration systems, charcoal beds, holdup volumes, etc. Instrumentation and control
features may include detectors for monitoring releases, alarms, and control features to mitigate
releases if abnormal conditions are detected.

9.4.2 Radionuclide Confinement Analysis

Confinement analysisis concerned with the release of radioactive materials to the environment
for normal operations and anticipated occurrences and for accident conditions including design
basis accidents. The SAR must present a clear description of the proposed confinement system
as either (1) asealed system, asisthe case in most spent fuel storage systems, or (2) avented
system with off-gas treatment systems, as is often the case in pools or waste management
systems. The description must state how the confinement systems would respond during
anticipated occurrences or accident conditions (both design basis and less than design basis).
Estimates of releases should be based on the quantity of radioactive material such as vapor
pressure, particle sizes, and adsorption kinetics and equilibrium. Data sources that are used to
support the physical property estimates or rel ease quantities should be identified in the SAR.

Air and water effluents associated with normal operations must comply with average monthly
concentration limits specified in Appendix B to 10 CFR 20 Sections 20.1001-20.2401. There are
however, performance standardsin 10 CFR Part 72 that place limits on the dose to individual s at
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or beyond the controlled area. Source terms developed as part of the confinement evaluation
review are used for evaluating compliance with the performance standards. The assessment of
performance under 10 CFR Part 72.104(a) is conducted in accordance with guidancein this
Chapter and Chapter 11 (Radiation Protection Evaluation) of this FSRP. The assessment of
performance relative to 72.106(b) is conducted in accordance with guidance in this Chapter and
Chapter 15 (Accident Evaluation) of this FSRP.

Guidance for reviewing or evaluating source termsis presented in the following sections.
9.4.2.1 Confinement Casksor Systems

The application must identify the amount of radionuclides that would be released to the
environment for normal operations, a spectrum of anticipated occurrences, and a spectrum of
design basis accidents. In developing estimates of materials released to the environment, the staff
uses guidance in the Cask Standard Review Plan (NUREG-1536)] and applicable ISGs, as
estimates of material available for release following the failure of individual fuel pinswhen there
are no additional forces that would move material out of the fuel pin structure. Thisinformation
about material available for release must be used together with information about a specific

rel ease scenario to develop arelease amount estimate. This guidance about fraction available for
releaseis only for spent Pressurized Water Reactor (PWR) and Boiling Water Reactor (BWR)
fuel with uranium in the form of UO..

For purposes of estimating the source term at the time of retrieval operations, NRC has accepted
the assumptions that casks will have experienced an off-normal condition (e.g., 10 percent rod
failure). For storage casks having closure lids that are designed and tested to be “leak tight,” as
defined in “ American National Standard for Leakage Tests on Packages for Shipment of
Radioactive Materials,” ANSI N14.5-1997, confinement calculation of the doses under normal
off-normal and accident conditions are unnecessary. For casks that are not tested to the leak tight
standard of ANSI N14.5-1997, aternative justifications may be found acceptable to the staff.

9.4.2.2 Pool and Waste M anagement Facilities

Systems that do not have sealed barriers to provide confinement (i.e., transfer pools or cells,
waste management facilities) may have releases to the environment under normal, off-normal,
and accident conditions. The SAR must present estimates of radionuclides released to the
environment for normal conditions, anticipated occurrences, and design basis accidents. The
estimates must be based on evaluation of the actual design and the physical process that will
move radionuclides into the environment or retain them in the storage or holding systems. If the
assumptions about material available for release that are used in the SAR analysis are different
from those in NUREG-1536 and applicable | SGs, such assumptions must be justified.

The SAR must include an estimate of the quantity of each of the principal radionuclides expected
to be released annually to the environment in liquid and gaseous effluents produced during
normal ISFSI or MRS operations. Because use of the pool facility may be intermittent, the
estimated quantities of releases must be projected for the maximum usage year, typical years,
and for standby (or shutdown) mode years. The estimated source term should also consider the
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possibility that radioactive gas from afailed sealed fuel container could be released from the
facility under anticipated occurrences.

The SAR must estimate pool and waste management facility emissions resulting from anticipated
occurrences (off-normal conditions), including possible emissions of radioactive gases from
sealed fuel containersthat may fail. The SAR must aso determine any pool and waste
management facility emissions which may result from design basis accidents (accident level
conditions). The NRC accepts that other sources on the site can be assumed to be at normal
conditions during such accident conditions unless the same initiating event affects these

other sources.

Estimates of radionuclide quantities released after failure of fuel cladding can take credit for
radionuclides being retained in the water in which fuel rods are immersed. The NRC accepts
guidance included in Regulatory Guide 1.25, “ Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facility for Boiling and Pressurized Water Reactors,” for estimation of releases from fuel rods
in pools.

9.4.3 Confinement Monitoring

Confinement monitoring for ISFSI and MRS has two aspects. Thefirst is monitoring storage
confinement closure seals or overall closure effectiveness. The second is providing a system to
measure radionuclides released to the environment under normal and accident conditions. This
second aspect includes all areas where thereis the potential for significant releasesto the
environment and may include storage casks, pool facilities, and waste management

facilities. The SAR must present a discussion of the extent of monitoring required consistent
with 10 CFR Part 72 requirements for both of these aspects of confinement monitoring.

9.4.3.1 Dry Storage Cask Confinement Systems

The applicant should describe the proposed monitoring capability and/or surveillance plans for
mechanical closure seals. In instances involving welded closures, the staff has previously
accepted that no closure monitoring system isrequired. This practice is consistent with the fact
that other welded jointsin the confinement system are not monitored. However, the lack of a
closure monitoring system has typically been coupled with a periodic surveillance program that
would enable the licensee to take timely and appropriate corrective actions to maintain safe
storage conditionsif closure degradation occurred. However, for storage casks having closure
lids that are designed and tested to be “leak tight,” as defined in “American National Standard for
L eakage Tests on Packages for Shipment of Radioactive Materials,” ANS|I N14.5-1997,
monitoring capability and/or surveillance plans are unnecessary.

To show compliance with 10 CFR Part 72.122(h)(4), cask vendors have proposed, and the staff
has accepted, routine surveillance programs and active instrumentation to meet the continuous
monitoring requirements. Some DCSS designs contain a component or feature whose continued
performance over the licensing period has not been demonstrated to staff with a sufficient level of
confidence. Therefore, the staff may determine that active monitoring instrumentation isrequired
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to provide for the detection of component degradation or failure. This particularly appliesto
components whose failure immediately affects or threatens public health and safety. To
demonstrate compliance with 10 CFR Part 72.122(h)(4), the vendor or staff may propose a
technical specification requiring such instrumentation as part of the initial use of a cask system.
After initial use, and if warranted and approved by staff, such instrumentation may be
discontinued or modified.

9.4.3.2 Effluents

The SAR must describe the monitoring system that provides measurement of releases under
normal and accident conditions. The discussion must address all areas of the ISFSI that can
release radionuclidesinto the environment. NRC accepts the following criteria and guidance for
monitoring releases from ISFSI or MRS systems, to the extent applicable:

C Regulatory Guide 1.13, “ Spent Fuel Storage Facility Design Basis’

C Regulatory Guide 1.21, “Measuring, Evaluating, and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materialsin Liquid and Gaseous Effluents from
Light-Water-Cooled Nuclear Power Plants’

C Regulatory Guide 4.1, “Programs for Monitoring Radioactivity in the Environs of Nuclear
Power Plants’

C NUREG-0800, “ Standard Review Plan,” 11.5, “Process and Effluent Radiological
Monitoring Instrumentation and Sampling Systems”

9.4.4 Protection of Stored Materialsfrom Degradation

The materias that help confine the radionuclidesin spent fuel and waste should be protected
from degradation so that confinement effectivenessis not reduced. The SAR must identify these
materials (i.e., fuel matrix and fuel cladding) and describe how these material are protected from
degradation.

9.4.4.1 Confinement Casksor Systems

The primary materialsin spent fuel that must be protected from degradation are the fuel matrix
and fuel cladding. The applicant’s SAR must describe the actions proposed to protect these
materials from degradation.

The cask must provide a non-reactive environment to protect fuel assemblies against fuel
cladding degradation, which might otherwise lead to gross rupture (Pacific Northwest
Laboratories [PNL] 6365). Measures for providing a non-reactive environment within the
confinement cask typically include drying, evacuating air and water vapor, and backfilling with a
non-reactive cover gas (such as helium). For dry storage conditions, experimental data have not
demonstrated an acceptably low oxidation rate for UO, spent fuel, over the 20-year licensing
period, to permit safe storage in an air atamosphere. Therefore, to reduce the potentia for fuel
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oxidation and subsequent cladding failure, the NRC has accepted storage designs that have cask
inventories of oxidizing gases less than 1.0 gram mole per cask and an inert atmosphere (e.g.,
helium cover gas) for storing UO, spent fuel in adry environment.

Note that other fuel types, such as graphite fuels for the high-temperature gas-cooled reactors
(HTGRs), may not exhibit the same oxidation reactions as UO, fuels, and therefore, may not
require an inert atmosphere. Applicants proposing to use atmospheres other than inert gas should
discuss how the fuel and cladding will be protected from oxidation.

9.4.4.2 Pool and Waste M anagement Facilities

The SAR must aso describe the pool and waste management facilities proposed by the applicant
to prevent degradation of waste and fuel confinement materials. Pools must provide an
environment that is compatible with stored materials and any elements important to safety. The
SAR must give full consideration to maximum anticipated storage time for any projected
corrosion. Permanent degradation of any pool confinement barrier should not occur for
anticipated occurrences (off-normal events and conditions) when considering the cumulative
corrosion effects over the proposed license period. The pool facility confinement barrier and
liquid containment structures, systems, and components (SSCs) may experience some repairable
degradation from accident-level conditions.

9.5 Review Procedures

The following review guidance relevant to the confinement evaluation is based on the required
products of the review, and lessons |learned from prior reviews.

9.5.1 Review of Design Features

The reviewer should review the principal design criteriaand the general description of the cask
presented in the SAR. All drawings, figures, and tables describing confinement features must be
sufficiently detailed to stand alone. Verify that the applicant has clearly identified the
confinement boundaries. This identification should include, as applicable, the confinement
vessdl; its penetrations, valves, seals, welds, and closure devices; and corresponding information
concerning the redundant sealing.

Coordinate with the structural reviewer to ensure that the applicant has provided proper
specifications for all welds and, if applicable, that the bolt torque for closure devicesis adequate
and properly specified.

9.5.2 Radionuclide Confinement Analysis
The procedure for review of radionuclide confinement analysis varies with the nature of the
componentsin the ISFSI design and the certification of any of these components under 10 CFR

Part 72 Subpart K. 1n general, the confinement analysis review involves two principle steps: (1)
identification of eventsto be considered, and (2) evaluation of release estimates.
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9.5.2.1 Identification of Release Events

The reviewer should discuss the proposed design and operations with other reviewers (e.g.,
structural, operations, site characteristics, etc.) to determine spectrum of events that need to be
considered for the specific design and specific site. The discussions should focus on the physical
condition of the confinement systems for normal operations and anticipated occurrences, and for
design basis accidents. The confinement analyst should use these discussions to understand (a)
the physical condition of the equipment that might serve to contain radionuclides, and (b) the
forces (physical displacement, pressure differences, temperatures, etc.) that could move
radionuclides into the accessible environment if the confinement system fails. The reviewer
should categorize the selected events as either (a) normal operations and anticipated occurrences,
or (b) design basis accidents. The reviewer-identified scenarios may be more extensive than
those presented by the applicant. A specific scenario can be dismissed if the staff reviewer
determinesthat it isless severe that another scenario being considered within the category (i.e.,
normal operations and anticipated occurrences or design basis accidents).

9.5.2.2 Evaluation of Release Estimates

For each of the scenariosidentified and retained in the previous step, the reviewer should either
() review the applicant’ s rel ease estimate and determine that applicant’ s estimate is reasonable,
or (b) develop independent estimates and compare them with that provided by the applicant. The
method of checking or developing independent rel ease estimates depends (as described below)
on the whether the system is designed to be a sealed system and whether the design has been
previously reviewed and approved by the NRC staff as part of a certification process. In
preparing or reviewing the estimate, the reviewer should identify all radioactive isotopes present
in the fuel or waste.

If the design is a sealed system that has not been previoudly certified, the confinement evaluation
reviewer should discuss with the structural reviewer the response of the sealed system (primary
containment system). This discussion should determine the response to the structural |oads that
would occur under the scenario. This discussion should result in an understanding of whether
there will be any loss of containment integrity. The discussion should also result in an
understanding of any forces or effects that would either promote or impede movement of
radionuclides out of primary containment system. For each scenario identified and retained in
step 1, the confinement evaluation reviewer should then either determine that the applicant’s
estimate of radionuclides released to the environment is reasonable, or develop the reviewer’s
own estimate of release amounts. The confinement evaluation reviewer may find the information
in NUREG-1536 and applicable 1SGs of value when evaluating release quantity from alow-
pressure, gas-filled spent fuel canister.

If the design involves a sealed cask that has been previoudly certified, the confinement eval uation
reviewer should review the information in the certification SER. For each scenario identified and
retained in step 1, the confinement evaluation reviewer should use the information from the
certification SER to either determine that the applicant’ s estimate of radionuclides released to the
environment is reasonable, or develop the reviewer’ s own estimate of release amounts.
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If the design involves systems and components that are not designed to be sealed, there will be
releases of radioactivity under normal, aswell as accident conditions. In this case, the
confinement evaluation reviewer should review the design and understand the process (e.g.,
vapor pressure in conjunction with convective flow) that will move radioactive contamination
from those areas where radionuclides are being stored or handled into the environment. The
reviewer should also understand the components that are designed to reduce the flow of
radionuclides into the environment (e.g., filtration systems). For each scenario identified and
retained from step 1, the confinement eval uation reviewer should discuss the expected structural
condition of the relevant components with the structural reviewer. This discussion should also
address whether there will be additional forces or effects that would either promote or impede
movement of radionuclidesinto the environment. The confinement evaluation reviewer should
use thisinformation to either determine that the applicant’ s estimate of radionuclides released to
the environment is reasonable or develop the reviewer’ s own estimate of release amounts.

If more that one component can produce arelease for the scenarios evaluated, the release
estimates for each scenario must be added to produce atotal for each scenario.

The NRC staff has determined that, at a minimum, the fractions of radioactive materials available
for release from spent fuel, provided in Table 9.2 for pressurized-water reactor (PWR) fuel and
boiling-water reactor (BWR) fuel for normal, anticipated occurrences (off-normal), and accident
conditions, should be used in the confinement analysis to demonstrate compliance with 10 CFR
Part 72. These fractions account for radionuclides trapped in the fuel matrix and radionuclides
that exist in achemical or physical form that is not releasable to the environment under credible
normal, off-normal, and accident conditions. Other release fractions may be used in the analysis
provided the applicant properly justifies the basis for their usage. For example, the staff has
accepted, with adequate justification, reduction of the mass fraction of fuel fines that can be
released from the cask.

The staff has accepted the following rod breakage fractions for the confinement evaluations:

1% for normal conditions
10% for off-normal conditions
100% for design basis accident and extreme natural phenomena

For the source term, the NRC staff has accepted, as a minimum for the analysis, the activity from
the Co® in the crud, the activity from iodine, fission products that contribute greater than 0.1% of
design basis fuel activity, and actinide activity that contributes greater than 0.01% of the design
basis activity. In some cases, the applicant may have to consider additional radioactive nuclides
depending upon the specific analysis. Thetotal activity of the design basis fuel should be based
on the cask design loading that yields the bounding radionuclide inventory (considering initial
enrichment, burnup, and cool time).

The quantities of radioactive nuclides are often presented in SAR shielding descriptions, since
they are generally determined during the evaluation of gamma and neutron source termsin the
shielding analysis. Coordinate with the shielding reviewer to verify that the applicant has
adequately developed and characterized the source term.
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It isimportant to recognize that design basis normal or accident conditions resulting in
confinement boundary failure are not acceptable. Preservation of the confinement boundary

during design basis conditions is confirmed by the structural analysis. The confinement analyses
demonstrate that, at the measured |eakage rates, and assumed nominal meteorological conditions,
the requirements of 10 CFR 72.104(a) and 10 CFR 72.106(b) can be met. Each ISFSI, whether it

isadite specific or agenera license, is aso required to have a site specific confinement analysis
and dose assessment to demonstrate compliance with these regulations.

Table 9.2° Evaluation of Release Estimates

Fractions Available for Release™
Variable PWR AND BWR FUEL
Normal and Off-normal Hypothetical Accident Conditions
Conditions
Fraction of gasesreleased dueto a 03 03
cladding breach, ft ' '
Fraction of volatiles released dueto a 4 4
cladding breach, .+ 2X10 2X10
Mass fraction of fuel released as fines due - -
to cladding breach, f, 3X10 3X10
Fraction of c